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' POLLUTION  ABATEMENT  MANAGEMENT  i 

SYSTEM— CONCEPT  DEFINITION 


1 INTRODUCTION 


Background 

The  requirements  for  constraining  effluent  from  Department  of 
Army  (DA)  installations  within  prescribed  limits  are  well -documented 
in  such  laws  as  the  Federal  Water  Pollution  Control  Act  (FWPCA),' 
the  Clean  Air  Act,^  and  the  Resource  Conservation  and  Recovery  Act  of 
1976.^  The  DA  has  a peacetime  responsibility  to  aontrot  pollutants 
produced  by  military  installations. 

As  the  number  of  pollutants  and  the  amount  of  individual  dis- 
charges grow,  the  ability  of  the  DA  planner  and  the  facility  engineer 
to  assimilate  and  analyze  relevant  environmental  data  is  decreased. 

The  diversity  of  regulatory  controls,  types  and  frequencies  of  pollu- 
tants, and  abatement  techniques  makes  the  problem  insurmountable  using 
conventional  methods. 

The  Pollution  Abatement  Management  System  (PAMS)  is  a computer- 
aided  system  which  is  being  developed  to  provide  the  necessary  data 
and  analysis  tools  to  the  DA  planner  (at  all  levels)  and  the  facility 
engineer  to  insure  informed,  effective  decision-making  regarding 
abatement  strategies  and  problem  analyses. 

The  overall  objectives  of  PAMS  are  summarized  as  follows: 


1 

I 1 . To  develop  an  inventory  of  pollution  sources  at  U.  S.  Army 

Training  and  Doctrine  Command  (TRADOC),  Forces  Command  (FORSCOM), 
and  U.  S.  Army  Material  Development  and  Readiness  Command  (DARCOM) 

, levels  which  can  be  aggregated  to  Major  Commands  (MACOMs)  and  DA 

levels  if  necessary. 

2.  To  aid  in  the  periodic  monitoring  and  reporting  of  scheduled 
progress  in  pollution  abatement  efforts  prescribed  by  Federal,  state, 
and  Army  standards. 

3.  To  identify  priority  ranking  of  environmental  pollution  prob- 

I lems  within  DA. 

[ ‘f’ublic  Law  92-500,  The  Federal  Water  Pollution  Control  Act  of  1972. 

^Public  Law  91-604,  The  Clean  Air  Act  1970  amendments. 

^Public  ^aw  94-580,  The  Resource  Conservation  and  Recovery  Act  of 
I 1976. 


4.  To  develop  for  the  HQ  MACOM  environmental  offices  and  the  facil 
ity  engineer  procedures  and  data  for  determining  the  most  cost-effective 
site  applicable,  energy-conservative  solutions  for  bringing  air,  water, 
and  solid  waste  emissions  from  ^rmy  operations  into  compliance  with 
Federal,  state,  and  Army  standards,  using  existing  technology  and 
commercial  developments  where  feasible. 

5.  To  identify  gaps  in  technology  which  may  require  further  re- 
search and  development. 


Purpose 

The  purpose  of  this  report  is  to  describe  the  initial  development 
of  an  overall  concept  for  PAMS,  considering  both  regulatory  require- 
ments and  user  needs. 


Approach 

The  development  of  PAMS  will  consist  of  (1)  concept  formulation, 
(2)  detailed  identification  of  data  sources  and  user  needs,  and  (3) 
system  development.  The  study  will  analyze  the  variation  in  pollution 
abatement  problems,  available  management  data,  diversity  of  abatement 
techniques,  and  the  needs  of  the  DA  planner  and  facility  engineer. 

The  concept  formulation  was  accomplished  by  dividing  the  pollu- 
tion abatement  field  into  three  pollutant  media  subsystems:  water, 
air,  and  solid  waste.  User  needs  were  identified,  available  informa- 
tion was  located,  and  the  concept  was  designed. 

Each  of  the  three  subsystems  will  be  developed  separately  and 
aggregation  will  occur  during  the  final  stages  of  development.  This 
aspect  of  the  PAMS  formulation  will  eliminate  the  tendency  to  adhere 
to  a specific  software  format,  a practice  which  can  limit  the  useful- 
ness of  one  subsystem  while  benefiting  another.  The  following  chapters 
will  discuss  the  system's  design  and  framework,  data  sources,  and  in- 
tended uses  by  major  pollutant  category. 


Mode  of  Technology  Transfer 

The  technology  transfer  will  be  accomplished  in  accordance  with 
techniques  for  computer-assisted  systems  as  defined  in  appropriate 
Army  regulations. 


2 NEEDS  OF  THE  USER 


Levels  of  Need 

The  requi rement  of  periodic  monitoring  of  pollution  abatement  and 
the  related  new  DA  guidance  have  increased  the  responsibility  of  en- 
vironmental personnel  at  installations,  MACOMs,  and  DA  headquarters 
(HQDA).  Although  each  user  has  specific  needs,  a fundamental  require- 
ment is  uniform  among  all--the  need  for  better  information.  The  po- 
tential users  and  their  related  requirements  are  discussed  in  the 
following  sections. 


The  Inetallation 


The  installation  planner  and  other  installation  personnel  have 
two  primary  responsibilities:  (1)  sending  adequate  information  re- 
garding pollution  problems  up  the  command  chain,  and  (2)  requesting 
abatement  assistance  from  DA  to  alleviate  priority  problems.  Informa- 
tion generated  at  the  installation  through  daily  logs,  self-monitoring 
reports,  emission  inventories,  etc.,  is  used  to  coordinate  DA  policy 
and  management  with  other  government  agencies  (Office  of  the  Manage- 
ment and  Budget  [0MB],  the  U.  S.  Environmental  Protection  Agency 
[USEPA],  and  other  Federal,  state,  or  local  agencies).  This  transfer 
of  information  is  in  the  form  of  established  reporting  formats  and 
special  requests  from  the  MACOMs  or  HQDA.  The  effects  of  these  re- 
quirements are  often  the  same--the  generation  of  more  documentation 
and  reports  at  the  expense  of  manpower  and  financial  resources. 

The  Major  Comm*ui  (MACOM) 

At  the  MACOM  level,  the  requirement  to  forward  information  up  the 
command  chain  is  the  same  as  the  installation  level,  but  is  different 
in  form.  It  often  requires  consolidating  50  to  100  reports  prepared 
by  constituent  installations  into  a summary  report.  At  this  level,  any 
lack  of  uniformity  in  reporting  techniques  or  interpretations  among 
installations  becomes  apparent  and  is  often  rectified. 

The  MACOM  has  the  additional  responsibility  of  helping  the  in- 
stallation justify  and  obtain  resources  and  support  for  abating  pol- 
lution problems.  This  requires  intimate  knowledge  of  the  particular 
installation's  pollution  status  and  the  frequency  of  this  type  of  prob- 
lem across  the  entire  MACOM.  Since  this  information  must  often  be 
requested  from  the  installations,  it  inhibits  the  entire  process. 

Headquarters 

At  the  HQDA  level,  the  command  chain  information  flow  is  still  in 
effect.  Some  aggregation  of  the  data  is  performed,  but  at  a lower 


units.  Uniformity  can  be  a problem,  but  the  solution  to  conflicting 
formats  can  often  be  resolved  very  quickly. 

Since  HQUA  is  the  focal  point  for  abiUement  aid,  it  requires  dif- 
ferent types  of  data  and  analyses.  The  efficient  funding  of  abatement 
construction  requires  the  grouping  of  projects  across  installation  and 
MACOM  boundaries.  In  allocating  abatement  resources,  the  HQDA  planner 
or  manager  needs  additional  information  about  the  frequency  and  status 
of  pollution  problems  across  the  entire  Armiy. 

HQDA,  acting  through  the  MACOMs  and  eventually  the  installations, 
is  responsible  for  meeting  the  requirements  of  appropriate  legislative 
and  regulatory  agencies  at  the  Federal  jtate,  and  local  levels.  It 
is  essential  that  the  HQDA  spokesman  have  a timely  and  accurate  per- 
ception cf  DA  abatement  status  when  dealing  with  the  appropriate 
agencies. 


Current  Statii_s 

Figure  1 shows  the  relationship  of  the  various  levels  of  the  pro- 
cess. Other  Federal  or  local  agencies,  such  as  the  EPA  or  an  Air 
Quality  Control  Region  (AQCR)  interact  with  all  levels  of  the  chain. 
Currently,  there  is  not  one  level  that  shares  its  information  sources 
with  another;  therefore,  the  data  being  used  by  each  can  vary  due  to 
time  differences  between  reporting  requirements,  measurement  tech- 
niques, and  individual  interpretation.  Tracing  and  comparing  relevant 
infomkUion  in  a decentralized  manner  without  overall  systematic  de- 
sign is  difficult.  As  pollution  control  requirements  become  more 
stringent,  this  problem  can  become  critical. 

The  increased  responsibilities  of  planning,  monitoring,  and  re- 
porting pollution  abatement  efforts  at  DA  installations  have  made  the 
use  of  computer-aided  infoniiation  storage  and  retrieval  systems  in- 
dispensable. An  interactive,  real-time  computer  storage/retrieval 
system  for  pollution  abatement  management  will  allow  more  efficient 
response  to  this  increased  level  of  I'esponsibil ity.  The  real-time 
system  will  enable  a user  to  (1)  enter  into  a dialogue  with  the 
system,  (2)  explore  the  abatement  alternatives,  and  (3)  arrive  at  de- 
cisions and  obtain  required  information  more  expeditiously  than  is 
possible  with  any  batch  mode  or  manual  system. 

The  following  criteria  have  been  established  for  the  user- 
oriented  aspects  of  PAMS  which  are  essential  ingredients  of  an  "inter- 
active" system. 

1.  The  system  must  be  available  almost  constantly.  The  operat- 
ing software  and  hardware  must  be  dependable  and  operable  for  the 
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1294  additional  installations,  depots,  reserve  centers,  etc. 
(From  Inventory  of  Army  Military  Real  Property,  DA,  Office 
Chief  of  Engineers,  30  June  1975). 


Figure  1.  Interaction  between  command  levels. 
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entire  time  the  system  is  available,  subject  to  practical  limitations. 
The  often  "odd  hours"  of  usage  dictated  by  the  broad  geographic  dis- 
tribution of  DA  decision  makers  and  the  pursuit  of  critical  deadlines 
should  not  be  viewed  as  a detriment  or  special-case  usage,  since  this 
is  precisely  the  environment  in  which  system  value  can  be  established. 

2.  The  system  should  be  designed  and  documented  to  be  serviced 
in  a very  short  turnaround  time  to  insure  that  when  inevitable  fail- 
ures occur,  their  effects  are  short  term. 

3.  The  system  should  be  available  to  a large  number  of  geograph- 
ically diverse  users.  The  files  should  be  designed  to  allow  multiple 
access  and  usage  without  degradation  of  the  system's  response  to  the 
user. 

4.  The  system  should  be  adequately  "human-engineered."  A system 
which  is  usable  only  by  a computer  programmer  will  not  be  used 
efficiently  in  the  decision-making  process.  The  system  must  be 
simple,  easy  to  understand,  and  "forgiving"  to  insure  that  it  is  easy 
to  use  and  its  benefits  are  obvious. 

5.  Updates  of  constituent  data  bases  must  be  available,  subject 
to  data  security  limitations,  for  direct  editing  and  update  by  report- 
ing elements  within  the  decision-making  chain. 


3 THE  WATER  POLLUTION  ABATEMENT 
SYSTEM  (WPAS) 


According  to  DA  regulation,**  major  goals  of  the  Army  are  conserv- 
ing and  protecting  water  resources  from  contamination  by  means  of 
identifying,  treating,  monitoring,  controlling,  and  disposing  of  all 
waterborne  wastes  produced  by  Army  facilities. 

Implanentation  and  enforcement  of  the  applicable  Federal  or 
state-developed  effluent  limitations  and  water  quality  standards  are 
accomplished  by  the  regional  headquarters  of  the  USEPA  through  the 
provisions  of  the  Federal  Water  Pollution  Control  Act  (Public  Law  92- 
500).  These  provisions  direct  that  each  DA  point  source  of  pollution 
obtain  and  comply  with  EPA-issued  permits  under  the  National  Pollutant 
Discharge  Elimination  System  (NPDES).  Inherent  in  the  Federal  Water 
Pollution  Control  Act  is  the  objective  to  restore  and  maintain  the 
chemical,  physical,  and  biological  integrity  of  the  nation's  waters. 

To  implement  this  law.  Congress  has  required  the  achievement  of 
specific  goals  and  objectives  within  a specified  time  frame.  Two 
overall  goals  are: ® 

1.  To  reach,  "wherever  attainable,"  a water  quality  that  "pro- 
vides for  the  protection  and  propagation  of  fish,  shellfish,  and 
wildlife"  and  "for  recreation  in  and  on  the  water"  by  1 July  1983. 

2.  To  eliminate  the  discharge  of  pollutants  into  navigable 
waters  by  1985. 

To  attain  these  goals,  the  Act  provides  for  three  mitigation 
achievement  phases  with  accompanying  requirements  and  deadlines. 

Phase  I,  an  extension  of  the  programs  embodied  in  many  Federal 
regulations  and  state  laws,  requires  industry  to  install  "best  practi- 
cable controls"  (BPC);  effluents  from  publicly  owned  treatment  works 
and  other  domestic  sources  must  receive  the  equivalent  of  secondary 
treatment  by  1 July  1977. 

A staff  report®  by  the  National  Commission  on  Water  Quality  sta- 
ted that  Phase  II  requirements  are  intended  to  be  more  rigorous  and 
nwre  innovative.  By  1 July  1983,  treatment  of  existing  industrial 

'‘Fnin  i\'nnt'nta!  PvotCi’tioti  arui  Knfuxn^'emi'nt , AR  200-1  (DA,  Decentber 
1975). 

^Natioruil  Cotmiission  on  Watoi'  StaS'f  Pi'aJ't  Hopoi't — Ipeui'>3  ayid 

FiruHnijfi  (National  Commission  on  Water  Quality,  November  1975). 
^Natioruil  Conm'sttion  on  Watev  Quality  Staff  Pmft  Report — leaucs  ani 
Ft  ntii nps. 
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wastewater  effluents  will  employ  the  "best  available  technology" 

(BAT)  economically  achievable.  By  1 July  1983,  domestic  wastewater 
limitations  will  be  based  on  the  best  practicable  waste  treatment  tech- 
nology (BPT),  including  reclaiming  and  recycling  disposal  of  pollu- 
tants. Ultimately,  all  point-source  controls  will  be  directed  toward 
achieving  the  national  goal  of  eliminating  pollutant  discharges  by 
1985. 


A nity  Re  l e va  n 

To  comply  not  only  with  the  requirements  of  the  Federal  Water 
Pollution  Control  Act,  but  also  with  its  spirit,  the  Army  must  con- 
tribute to  the  attainment  of  the  national  goal  of  eliminating  the  dis- 
charge of  water  pollutants  by  1985.  Therefore,  all  point-source 
domestic  and  nondomestic  effluents  from  Army  installations  must  ul- 
timately comply  with  the  above  limitations. 

Table  1 lists  the  domestic  and  industrial  effluent/pollutants 
controlled  by  the  provisions  of  the  NPDES  permits  for  Army  installa- 
tions. 

It  should  be  apparent  that  1983  and  1985  standards  will  require 
some  form  of  advanced  wastewater  treatment,  i.e.,  treatment  resulting 
in  nitrate,  phosphate,  or  heavy  metal  reiioval ; very  low  values  of  bio- 
chemical/chemical oxygen  demand,  suspended  solids,  and  fecal  col i form 
bacteria;  and  minimal  fluctuations  in  temperature  and  pH.  Thus,  with 
the  approach  of  the  1983  target  date  for  employing  the  best  available 
technology  for  pollution  control  and  the  followup  requirement  to  pro- 
vide for  eliminating  the  discharge  of  pollutants  by  1985,  additional 
assistance  must  be  provided  to  installations  and  construction  manage- 
ment agencies  responsible  for  selecting  appropriate  treatment  tech- 
nology as  a mitigation  technique  for  a specific  pollution  problem. 

PAMS  is  intended  to  assist  decision  makers  by  providing  a rapid, 
up-to-date  information  systeii  for  (1)  identifying  and  ranking  DA  en- 
vironmental problems,  and  (2)  evaluating  and  determining  from  several 
alternatives  the  most  appropriate  waste  treatment  process  for  any 
Army-related  pollution  problem.  Figure  2 is  a flow  chart  of  the  Water 
Pollution  Abatement  System  (WPAS). 


L'l^„L46p_ti fj£atJilP.  and  Ranking  of 
Wa  t ^r  Pq  lJujM  on  Pro  b 1 em s 

The  basic  document  in  water  pollution  abatement  strategy  is  the 
National  Pollution  Discharge  Elimination  Systeii  (NPDES)  permit.  Under 
the  NPDES  program,  it  is  mandatory  that  t'vrv'.t  wastewater  discharge  be 
authorized  by  the  USEPA  (or  in  certain  states,  by  the  state  agencies). 
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Table  1 

Industrial  and  Domestic  Point-Source  Pollution  Effluents 
Controlled  by  NPDES  Provisions 


Parameter 


Industrial 


Domestic 


Biochemical  Oxygen  Demand  (B0D)5  + 
Suspended  Solids  + 
Fecal  Conforms  + 
pH  + 
Total  Phosphorus  + 
Unoxidized  Nitrogen  + 
Total  Nitrogen  + 
Residual  Chlorine  + 
Oil  and  Grease  + 
Phenol  + 
Temperature  + 
Iron  (Dissolved)  + 
Manganese  + 
Aluminum  (Dissolved)  + 
Oxygen  (Dissolved)  + 
Chemical  Oxygen  Demand  + 
Total  Oxidizable  Carbon  + 
Cyanide  + 
Chromium  (total)  + 
Total  Dissolved  Solids  + 
Chromium  (Hexavalent)  + 
Lead  + 
Ammonia  + 
Phenol  + 
Sulfate  + 
Chloride  + 
Rise  In  Temperature  + 
Color  + 
Copper  + 
Cadmium  + 
Mercury  + 
TNT  + 
Nickel  + 
Nitrite  + 
Nitrate  + 
Fluoride  + 
Sodium  + 
Barium  + 
Silver  + 
Total  Kjeldahl  Nitrogen  + 
RDX  + 
Phosphorus  (Ortho)  + 
Specific  Conductance  + 
Zinc  + 
Settleable  Solids  + 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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As  such,  the  NPDES  permits  for  Army  installations,  under  the  separate 
jurisdictions  of  TRADOC,  FORSCOM,  and  DARCOM,  will  form  the  core  of 
the  WPAS  subsystem.  Figure  2 indicates  the  overall  composition  of  the 
system  and  the  interrelationship  of  constituent  subprograms. 

The  NPDES  permit  for  each  installation  has  a unique  number,  which 
along  with  the  location  of  the  waste  discharges,  will  be  used  for 
identification  purposes.  Some  provisions  will  be  made  for  identifying 
point  sources  which  do  not  fall  under  the  purview  of  NPDES.  This  will 
allow  the  inclusion  of  pollution  problems  which  are  recognized  by  en- 
vironmental offices  of  MACOMs  or  installations,  but  which  are  not 
important  enough  to  be  included  in  NPDES. 

Each  permit  stipulates  the  following  criteria: 

1.  Expiration  date  of  the  permit 

2.  Specific  effluent  limitations 

3.  Compliance  schedules  for  meeting  effluent  limitations 

4.  Specific  sampling  and  monitoring  requirements 

5.  Specific  reporting  requirements  for  documenting  permit  com- 
pliance 

6.  Special  permit  conditions. 

Figure  3 is  a topical  listing  of  the  provisions  and  conditions 
of  the  NPDES  permit  for  USEPA  Region  IV.  Preliminary  examination  of 
the  permits  issued  by  the  different  regions  has  revealed  a lack  of 
uniformity.  Therefore,  it  will  be  necessary  to  store  detailed  in- 
formation on  monitoring  and  reporting  management  requirements,  respons- 
ibilities, etc.,  for  each  of  the  10  USEPA  regions  (Box  2 of  Figure  2). 
However,  for  each  of  the  Army  installations,  information  on  permit 
number,  location,  effective  date,  permit  expiration  date,  details  of 
effluent  qualities  to  be  met,  schedule  of  compliance,  and  schedule  of 
reporting  will  be  stored  in  the  computer  file  (Box  3 of  Figure  2). 

This  will  allow  access  to  information  on  any  individual  installation, 
details  of  special  conditions  and  provisions  of  the  permit,  and 
effluent  limitations,  schedule  of  compliance,  etc. 

One  of  the  important  provisions  of  the  NPDES  permit  is  monitoring 
effluent  quality  and  reporting  the  results,  using  EPA  form  3320-1. 

This  document  will  be  used  to  compare  waste  discharge  characteristics 
against  the  effluent  quality  requirements  (Boxes  4 and  5 of  Figure  2). 
If  there  are  any  violations  of  the  NPDES  limitations,  the  source, 
permit  number,  and  items  in  violation  will  be  listed  and  this  informa- 
tion will  be  retained  in  computer  storage  (Box  9 of  Figure  2).  The 
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Computer  Matter  File 


Figure  2.  Pollution  Abatement  Management  System-- 
framework  for  Water  Pollution  Abatement 
System  (WPAS)  components. 
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NAME  Of  PERMITTEE: 

APPLICATION  NUMBER: 

PERMIT  NUMBER: 

EFFECTIVE  DATE  OF  PERMIT: 

EXPIRATION  DATE  OF  PERMIT: 

PERMIT  ISSUED  BY: 

LOCATION  OF  DISCHARGE: 

NAME  OF  RECEIVING  WATER: 

CLASSIFICATION  OF  RECEIVING  WATER: 

PART  I 

A.  EFFLUENT  LIMITATIONS  AND  MONITORING  REQUIREMENTS 

1.  PERIOD  OF  AUTHORIZATION  FOR  DISCHARGE 

2.  EFFLUENT  LIMITATIONS 

3.  SAMPLING  POINT^  TYPE>  AND  FREQUENCY 
EFFLUENT-INFLUENT  QUALITIES  RELATIONSHIP  TO  BE  SATISFIED 

B.  SCHEDULE  OF  COMPLIANCE 

C.  MONITORING  AND  REPORTING 

I.  REPRESENTATIVE  SAMPLING 
. REPORTING 
. TEST  PROCEDURES 
. RECORDING  RESULTS 
. ADDITIONAL  MONITORING  BY  PERMITTEE 
. RECORDS  RETENTION 
. LOCATION  OF  SAMPLING  POINT 
. FLOW  DETERMINATION 
. SUBSTITUTION  FOR  BOD  TESTS 

PART  II 

A.  MANAGEMENT  REQUIREMENTS  (WHEN  THE  FOLLOWING  OCCUR) 

1.  CHANGE  IN  DISCHARGE 
. NONCOMPLIANCE 
. FACILITIES  OPERATION 
. ADVERSE  IMPACT 
. BYPASSING 
. REMOVED  SUBSTANCES 
. POWER  FAILURE 


Figure  3.  An  example  topical  listing  of  an  NPDES 
permit-- Region  IV. 
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B.  RESPONSIBILITIES 

1.  RIGHT  OF  ENTRY 

2.  TRANSFER  OF  OWNERSHIP  OR  CONTROL 

3.  AVAILABILITY  OF  REPORTS 
|1.  PERMIT  NOTIFICATION 

5.  TOXIC  POLLUTANTS 

6.  CIVIC  AND  CRIMINAL  LIABILITY 

/.  OIL  AND  HAZARDOUS  SUBSTANCE  LIABILITY 

8.  STATE  LAWS 

9.  PROPERTY  RIGHTS 

10.  SEVERABILITY 


PA&I.±li 

A.  DEFINITIONS 

1 

DISCHARGE  LIMITATIONS  AND  MONITORING  REQUIREMENTS 

A, 

FLOW 

1 

B. 

CONCENTRATION  AND  ANY  VALUE  OTHER  THAN  FECAL  COLIFORM 
BACTERIA,  FLOW,  OR  LOADING 

C. 

FECAL  COLIFORM 

D. 

LOADING 

£. 

OTH^.R  DEFINITIONS 

1 2. 

DISCHARGE  SOURCES 

A. 

POTABLE  AND  INDUSTRIAL  WATER  TREATMENT  FACILITIES 

B. 

COOLING  SYSTEMS 

C. 

BOILERS 

D. 

VEHICLE  AND  EQUIPMENT  CLEANING  FACILITIES 

E. 

PAINTING  AND  CORROSION  CONTROL  FACILITIES 

F. 

PETROLEUM  STORAGE  AND  HANDLING  AREAS 

G. 

VEHICLE  AND  EQUIPMENT  MAINTENANCE  FACILITIES 

H. 

BATTERY  REWORK  FACILITIES 

I . 

PHOTOGRAPHIC  LABORATORIES 

J. 

FIRE-FIGHTER  TRAINING  AREAS 

Figure  3 (con't) 
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B.  ADDITIONAL  PERMITTED  DISCHARGE 

1.  APPLICABILITY 

2.  GENERAL  CONDITIONS 

3.  INTERIM  DISCHARGE  LIMITATIONS  AND  MONITORING  REQUIREMENTS 
FINAL  DISCHARGE  LIMITATIONS  AND  MONITORING  REQUIREMENTS 


I 


I 

i 
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A.  GENERAL  REQUIREMENTS 

B.  SPECIAL  CONDITIONS 

^ DISCHARGE  LESS  THAN  2000  GPD 
DISCHARGES  TO  STORM  SEWERS 

C,  DISCHARGE  LIMITATIONS  AND  MONITORING  REQUIREMENTS 

(1)  POTABLE  AND  INDUSTRIAL  HATER  TREATMENT  FACILITIES 
INCLUDING  FILTERS,  SOFTENERS,  AND  DEMINERALIZERS 

(2)  COOLING  WATER,  COOLING  TOWER  BLOWDOWN,  AND 
CLEANING  WASTES 

(3)  BOILER  BLOWDOWN 

(M)  vehicle  EQUIPMENT  CLEANING  FACILITIES 
(5)  PAINTING  AND  CORROSION  CONTROL  FACILITIES 
(b)  VEHICLE  AND  EQUIPMENT  MAINTENANCE  AND  STORAGE 
(7)  PETROLEUM,  OIL,  AND  LUBRICANT  (POL)  STORAGE 
HANDLING  AREAS 
'8)  BATTERY  MAINTENANCE 
9)  PHOTOGRAPHIC  LABORATORIES 
.0)  FIRE-FIGHTER  TRAINING  AREAS 
I)  SWIMMING  POOLS 
.2)  STORM  SEWERS 


5.  SCHEDULE  OF  COMPLIANCE 

6.  REQUIREMENTS  FOR  ADJUDICATORY  HEARING  REQUEST. 


Figure  3 (con't) 
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stored  information  could  then  be  aggregated,  giving  location,  permit 
number,  items  in  violation,  etc.,  for  each  EPA  region  at  TRADOC, 

DARCOM,  and  FORSCOM  levels  (Box  8 of  Figure  2).  The  information  would 
also  be  aggregated  by  water-quality  parameters  which  are  in  violation 
for  each  EPA  region  at  the  MACOM  level  (Box  10  of  Figure  2).  This  in- 
formation would  be  used  to  (1)  identify  the  problem  areas  in  pollution 
abatement  efforts  and  to  identify  priority  ranking  of  environmental 
pollution  problems  within  DA,  and  (2)  to  initiate  action  to  achieve 
compliance  in  individual  cases. 

With  access  to  installation-specific  information  regarding  compli- 
ance and  pollution  abatement  schedules,  and  the  comparative  status  of 
installations’  progress  on  scheduled  projects,  it  would  be  possible  to 
keep  track  of  DA  performance  in  meeting  pollution  abatement  goals  and 
objectives.  Appropriate  action  could  be  initiated  when  an  apparent 
noncompliance  is  identified  (Box  6 of  Figure  2).  In  addition,  report- 
ing requirements  can  be  monitored  by  using  PAMS  (Box  7 of  Figure  2). 

Information  on  pollution  abatement  projects  from  the  time  of  con- 
ception, funding,  design,  and  initiation  of  construction  until  time  of 
completion  would  be  stored  in  computer  files.  The  progress  of  these 
projects  could  be  monitored  by  using  Office  of  the  Chief  of  Engineers 
(OCE)  reports  1391,  3632,  3633,  reports  on  EPA/state  agency  visits,  and 
AEHA  surveys  (Box  11  of  Figure  2).  Such  a scheme  would  aid  in  project 
tracking  and  supplement  the  decision-making  process. 


The  Identification  of  Alternative 
Solutions 

General  Desam'ption  of  the  Pollution 
Mitigation  Technique  Subsystem 

The  Pollution  Mitigation  Technique  Subsystem  (PMTS)  of  PAMS  will 
provide  a means  of  identifying  and  investigating  alternative  mitigations 
for  identified  water  pollution  problems. 

If  any  violations  of  the  NPDES  limitations  are  noted,  the  source, 
permit  number,  and  item  in  violation  will  be  listed  and  this  informa- 
tion will  be  retained  in  computer  storage  and  reported  to  the  proper  | 

decision  maker  (Box  9 of  Figure  2).  The  next  step  (Box  9a)  is  initia-  • ? 

ting  action  through  the  PMTS  (Box  9b)  and  subsequently  requesting  recom- 
mended specific  pollution  mitigation  techniques  information  for  an 
identified  problem.  The  computer  will  scan  the  information  available  in 
PMTS  (Box  9c)  and  provide  a computer  printout  listing  all  proven  miti- 
gation techniques  for  the  specific  pollution  problem.  Pertinent  in- 
formation will  be  provided  for  each  alternative  in  order  to  provide  the  « 

decision  maker  with  tools  necessary  to  initiate  an  appropriate  action. 
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PMTS  will  provide  timely,  complete,  and  reliable  information  on 
potential  mitigations  and  will  allow  access  to  such  information  in  a 
straightforward  manner.  The  system  output  will  include  all  chemical, 
physical,  and  biological  mitigation  processes  commonly  used  to  solve 
specific  pollution  problems.  Each  process  will  be  discussed  in  detail, 
using  a standardized  narrative  divided  into  13  categories. 

• Process  Name/Definition 

• Theory  of  Process 

• Process  Description  and  Characteristics 

• Normal  Operating  Ranges 

• Expected  Efficiencies 

• Cost  Considerations 

• Initial 

• Operation  and  maintenance 

Although  the  control  of  a specific  form  of  pollutant  is  the  stated 
objective  of  PMTS,  it  is  essential  that  recommended  solutions  be  capable 
and  cost-effective.  An  expeditious  means  of  accomplishing  this  objec- 
tive is  to  use  currently  available  systems  which  evaluate  cost  consider- 
ations for  waste  treatment  alternatives.  Three  such  sources  of  in- 
formation are  readily  available,  and  researchers  are  investigating 
coordinating  them  with  PAMS. 

The  EPA  has  developed  a computer-aided  program  called  Brief  Input 
Cost  Estimate  Program  (BICEP).’  This  system  evaluates  the  relative 
costs  of  pollution  abatement  equipment  and  labor. 

A computer-assisted  procedure  for  designing  and  evaluating  waste- 
water  treatment  systems  (CAPDET),®  developed  by  the  U.S.  Army  Water- 
ways Experiment  Station  (USAWES),  provides  guidance  for  the  selection 
of  wastewater  treatment  trains.  The  computer-based  design  procedures 
can  be  used  to  select  viable  process  trains  to  meet  a given  effluent 
criteria  and  will  rank  these  selected  trains  according  to  least  cost. 
Cost  and  design  data  are  included  for  0.3  to  500  million  gal /day  (mgd) 

’^Personal  Comnuni cation  of  E.  Smith  (U.S.  Army  Construction  Engineering 
Research  Laboratory  [CERL])  with  Robert  Michael,  Facility  Requirements 
Branch,  Industrial  Construction  Division,  USEPA,  Washington,  DC, 
February  1977. 

^Computer- Assisted  Procedure  for  the  Design  and  Evaluation  of  Waste- 
vjnter  Treatment  Systems  (CAPDET)  User’s  Guide,  EM  1110-2-174  (Office 
of  the  Chief  of  Engineers,  29  April  1976). 
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(1.13  to  1890  million  d/day)  systems.  For  plants  having  capacities 
less  than  3.0  mgd,  the  computer  provides  information  on  applicable 
small-scale  facilities.  The  CAPDET  program  contains  a library  of  unit 
processes  that  may  be  used  to  treat  a waste  stream.  This  program  al- 
lows the  user  to  specify  various  types  of  unit  processes  for  treating 
wastewaters.  The  utility  of  PMTS  is  to  provide  the  information  neces- 
sary to  choose  which  unit  process  is  most  applicable  for  a particular 
DA  waste  treatment  situation. 

The  EPA  has  published  a guide’  for  planners,  engineers,  and 
decision  makers  at  all  levels  of  government  which  provides  guidance 
for  evaluating  the  cost  effectiveness  of  alternative  wastewater  treat- 
ment proposals . 

• Equipment  Considerations 

• Advantages/Disadvantages 

Currently,  there  is  no  "best"  solution  for  pollutant  mitigation 
that  is  applicable  to  all  situations.  Admittedly,  certain  pollutants 
may  be  mitigated  by  the  process  commonly  used  for  most  applications. 
However,  site-specific  characteristics  may  be  better  suited  to  certain 
uncommonly  used  mitigation  techniques. 

• Energy  Considerations 

Today,  energy  must  be  a consideration  of  all  pollution  control 
alternatives.  Certain  alternatives  for  water  pollution  control  may 
save  energy,  while  others  may  drastically  increase  total  energy  use.*® 
The  overall  intent  of  PAMS  requires  consideration  of  the  most  energy- 
conservative  alternative.  The  system  user  must  balance  the  many 
trade-offs  between  pollution  control  and  energy  consumption,  and  this 
aspect  of  PAMS  makes  it  possible  to  include  energy  considerations  in 
the  analysis  of  trade-offs. 

• Other  Pertinent  Information  Necessary  for  Process  Evaluation 

The  following  are  a few  examples  of  this  category: 


’4  Guide  to  the  Seleation  of  Cost-Effective  Wastewater  Treatment  Sys- 
tems, EPA-430/9-75-002  (USEPA  Office  of  Water  Programs  Operations, 
July  1975). 

*®R.  M.  Hagen  and  E.  B.  Roberts,  "Energy  Requirements  for  Wastewater 
Treatment--Part  Z,"  Water  and  Sewage  Works  (December  1976),  pp.  52-57. 
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Operational  safety 

Compound  selectivity 

Interferences 

Limitations 

Flexibi 1 ity 

Reliability 

Process  environment 

This  information  helps  the  decision  maker  recognize  the  con- 
straints of  each  abatement  treatment. 

• Location  of  Significant  Facilities  and  Studies 

Domestic 

Industrial 

Army-related 

• Manufacturers  and  Designers 

• References 

The  Appendix  provides  an  example  of  this  type  of  information  for 
a sample  pollutant. 

A Pve  limtuii’u  Sjhe^ie  for  the  Develop- 
•rcrtt  of  FMTS 

Subsystem  Objectives.  The  requirement  for  increased  responsi- 
bility~[as  mandated  by  NPDES)  regarding  pollution  levels  on  DA  in- 
stallations has  necessitated  that  MACOM  decision  makers  have  an  up-to- 
date,  rapid  information  system  concerning  available  alternative  miti- 
gation technology. 

Because  it  is  anticipated  that  pollution  control  standards  will 
become  increasingly  stringent,  the  Army  must  develop  contingency  plans 
for  providing  retrofit  facilities  or  upgrading  existing  facilities  for 
treating  DA  facility  domestic  and/or  industrial  wastes.  This  increased 
regulation  stringency,  coupled  with  high-visibility  Army-unique  waste 
streams  (e.g.,  munition  plant  effluents),  necessitates  innovative, 
more  effective,  off-the-shelf  types  of  advanced  treatment. 
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PMTS  is  charged  with  assisting  the  facility  engineer  and  other 
decision  makers  with  implementing  proper  pollution  abatement  mitiga- 
tion techniques  by  providing  manual  and  computer-assisted  procedures 
for  evaluating  and  determining  the  most  appropriate  process.  The 
determination  will  be  guided  by  such  principles  as  identifying  the 
most  effective  solution  (1)  having  the  least  initial  and  maintenance 
costs,  (2)  minimizing  the  consumption  of  natural  material  and  energy 
resources,  and  (3)  having  the  broadest  application,  while  recognizing 
the  great  geographical  dispersion  of  these  facilities,  which  vary  in 
size  and  diversity  of  activities. 

Data  Requirements  and  Source  Definition.  Development  of  any  in- 
formation system  necessTtates  that*  the  requfred  data  elements  and 
their  sources  be  defined.  (The  PMTS  requires  data  from  the  13  cate- 
gories defined  above.) 

The  necessary  available  technology  must  be  collected,  completed, 
and  abstracted  with  the  assistance  of  personnel  having  expertise  in 
specific  waste  treatment  areas.  Therefore,  consultation  with  scientific 
advisory  panels,  contractors,  and  Federal  and  state  agencies  must  be 
planned  prior  to  extensive  reviews  of  the  literature.  After  the  data 
from  the  literature  search  have  been  collected  and  compiled,  they  must 
be  documented,  classified,  and  abstracted  according  to  the  PMTS  format. 

Next,  system  software  may  be  developed,  which  consists  of  the 
following  tasks: 

1.  Prepare  and  load  data 

2.  Verify  data  loaded 

3.  Construct  retrieval  commands 

4.  Design  updating  procedures  (Box  9d  of  Figure  2). 
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4 THE  AIR  POLLUTION  ABATEMENT  SYSTEM 
(APAS) 


The  Secretary  of  the  Anny,  acting  through  the  Chief  of  Engineers, 
must  adopt  regulations  prescribing  policies,  responsibilities,  and 
procedures  for  protecting  and  preserving  the  environmental  quality  at 
DA  facilities.  As  a result,  AR  200-1"  became  effective  on  22  December 
1975.  This  regulation  provides  guidance  for  implementing  pertinent 
requirements  of  Federal  statutes,  regulations,  and  executive  orders" 
pertaining  to  environmental  protection  and  enhancement.  This  guidance 
will  be  followed  by  the  DA  military  commands. 

The  Clean  Air  Act  establishes  the  legal  basis  for  improving  and 
maintaining  air  quality  to  protect  public  health  and  welfare.  Inclu- 
ded in  its  provisions  are  the  establishment  of  National  Ambient  Air 
Quality  Standards  to  identify  (1)  the  acceptable  health  and  welfare 
levels  which  will  be  permitted  for  a given  pollutant,  (2)  allowable 
significant  air  quality  deterioration  zones  which  set  the  allowable 
amount  of  air  quality  deterioration,  and  (3)  the  preparation  of  Imple- 
mentation Plans  by  each  state  to  provide  for  the  attainment  of  primary 
standards  by  1 July  1975,  and  secondary  standards  within  a reasonable 
time. 

The  stipulations  of  the  Clean  Air  Act  and  AR  200-1  apply  to  (1) 
each  active,  semiactive,  and  Army  Reserve  installation  operated  by  or 
for  the  Department  of  the  Army  and  National  Guard  facilities/sites 
supported  by  Federally  appropriated  funds  in  the  Continental  United 
States,  (2)  Alaska  and  Hawaii,  (3)  the  Commonwealth  of  Puerto  Rico, 

(4)  the  Virgin  Islands,  (5)  Guam,  (6)  American  Samoa,  (7)  the  Panama 
Canal  Zone,  and  (8)  the  Trust  Territories  of  the  Pacific.  These  reg- 
ulations apply  whether  or  not  these  facilities  are  Army-controlled  or 
under  jurisdiction  of  the  Army  by  lease  or  similar  instrument. 


Report  in£  Recpup  remen  ts 

The  DA  has  several  reporting  requirements  regarding  control  of 
environmental  air  pollution  from  existing  facilities. 


' ^ Kmu' rotmteniiil  Pivtc^tion  arni  Pnhotuicmcnt , AR  200-1  (DA,  December  1975). 
"Executive  Order  1 1 752--Prt’!’f-'nf Control,  and  Abatement  of  Cninron- 
mentai  Pollution  at  Fotieval  Faoili ties  (38  FR  34793,  19  December  1973); 
The  National  Environmental  Policy  Act  of  1969  (42  USC  4321-4347); 

Public  Law  91-604  Clean  Air  Act,  and  Clean  Air  Amendmertts  of  1970 
(December  1970). 
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Part  D of  AR  200-1  implements  the  Clean  Air  Act  as  amended  in 
1970,  DOD  Instruction  4120.14,'^  and  Executive  Order  11752.''*  Accord- 
ing to  Subpart  J of  the  regulation,  compliance  with  Federal,  state, 
interstate,  and  local  standards  for  air  emissions  and  national  ambient 
air  quality  is  required. 

More  particularly,  according  to  the  stipulations  outlined  in  the 
Clean  Air  Act: 

1.  Existing  stationary  sources  (e.g. , heating  plants)  must  have 
reduced  eotissions  to  comply  with  the  law  by  31  December  1975  or  must 
have  negotiated  compliance  dates  with  the  USEPA.'* 

2.  All  new  stationary  sources  must  be  designed  and  operated  to 
comply  with  published  standards.'^ 

3.  Nonstationary  sources  must  be  designed  and  operated  to  comply 
with  published  standards.'^ 

Common  sources  of  air  pollution  which  must  be  controlled  include: 

1.  Heating  plants  having  more  than  1 million  Btu  per  hour  input 

2.  Incinerators 

3.  Large  el ectrical -power  generating  plants 

4.  Manufacturing  processes/aci d production  facilities 

5.  Metal  cleaning  and  treatment  operations 

6.  Spray-painting  operations 

7.  Petroleum,  oil,  and  lubricants  storage  and  dispensing  facilities. 

National  Ambient  Air  Quality  Standards'"  prescribe  maximum 


n 

1 
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I 7 
1 8 


Alt'  Wutrr  Pollution  Contvol,  DOD  Directive  4120.14  (Department 
of  Defense,  May  1971 ). 

Pvovontion,  t'ontt\'l,  und  Abotomont  of  Ail'  ond  Iv’af.'i*  Pollution  ut 
Fodot'al  Faoi I i tiott.  Executive  Order  1 1 752  (December  1973). 

UFA  Training  atu:  Pooti'itw  Uorriatii  l->n'ii'onrriontal  Pi'0<min  Handbook 

(TRADOC,  29  March  1977),  p.  A- 3. 

UFA  Ti'ainitii}  and  Dooti'ino  L\v'!ni>U-I  Fnvii'ontnontal  Pi'oat'am  Handbook. 
UFA  TiMinitu!  atU  Dootrino  Ci’nvand  Enoii'ontnontal  Pi'o.jt'iVV  Handbook, 
Fni'ii'O'i'riofiLil  Pvotootion  and  Ibihanoomont,  AR  200-1  (DA,  December 
1975). 
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pollutant  levels  for  particulate  matter,  sulfur  oxides,  carbon  monoxide, 
photochemical  oxidants,  hydrocarbons,  and  nitrogen  oxides.  In  all  in- 
stances, as  reported  in  AR  200-1,  the  states  have  specified  (in  their 
USEPA-approved  Implementation  Plans)  strict  ambient  air  quality  stand- 
ards and  established  maximum  levels  for  each  pollutant  based  on  the  type 
of  source.  The  applicable  standard  must  be  achieved  by  each  Arn\y 
facility.  Further  guidance  for  specific  state  regulations  can  be  ob- 
tained by  using  the  Computer-Aided  Environmental  Legislative  Data 
System  (CELDS).*’ 

AEHA  Report 

For  each  stationary  source  of  air  pollution  reported  in  the  fa- 
cilities' inventories,  the  installation  Directorates  of  Facilities 
Engineering  (DFAE)  must  submit  a report  <o  the  Arti\y  Environmental 
Hygiene  Agency  (AEHA).  AEHA  checks  these  reports  for  compliance  with 
the  appropriate  air  pollution  control  law. 

Environmental  Pollution  Control 
Report 

Each  installation  which  does  not  meet  current  standards  must  com- 
plete an  Environmental  Pollution  Control  Report  (RCS  DD-I  & L [SA] 

1383)  which  states  the  facility's  proposed  plans  and  funds  for  projects 
to  remedy  the  pollution  problem. 

Air  Pollutant  Emissions  Report 
(APER) 

The  USEPA^®  requires  that  all  Am\y  facilities  periodically  submit 
air  quality  data  in  an  Air  Pollutant  Emissions  Report  (0MB  Form  Number 
168-R76)  in  order  to  provide  an  inventory  of  air  pollution  source 
emitters. 

EPA  Complianae  Schedule 
Consent  Agreements 

The  USEPA  determines  from  the  APER  whether  the  source  has  com- 
plied with  applicable  Federal,  state,  and  local  substantive  standards 
and  regulations  and  whether  there  is  a requirement  for  a formal  con- 
sent agreement.  For  sources  not  in  compliance  for  which  consent  agree- 
ments must  be  negotiated  (between  the  Arn\y  and  state  or  municipality 
with  the  USEPA's  sanction),  the  source  is  allowed  to  continue  operating 
subject  to  certain  conditions,  usually  embodied  in  a schedule  for 

^*User  Manual  for  the  Computer-Aided  Environmental  Legislative  Data 
System,  Technical  Report  E-78/ADA01 9018  (CERL,  November  1975). 
^’^Federal  Register,  Vol  40,  No  92,  "Guidelines  for  Federal  Agencies 
Compliance  with  Stationary  Sources  Air  Pollution,"  6 May  1975. 
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actions  to  be  taken  by  the  Army  activity  to  accomplish  compliance. 
Determination  of  whether  a source  requires  a consent  agreement  is  made 
on  a case-by-case  basis,  considering  such  factors  as  the  type  of 
source,  its  location  (whether  in  a nonattainment  air  quality  control 
region),  technology  and  alternatives  available,  and  time  from  com- 
pliance according  tc  +es  listed  in  the  Clean  Air  Act. 

Vapo}’  Rc^'overy  Projects 

As  proposed  state  transportation  air  pollution  control  plans  are 
implemented,  vapor  control  recovery  systems  at  gas  stations  may  be 
required.^*  This  implementation  may  entail  an  additional  reporting 
requirement  at  each  facility. 

Air  Pollution  Emergency  Episode- 
Plans 


Each  state  is  required  by  Section  110  of  the  Clean  Air  Act  of 
1970  to  adopt  and  submit  to  the  USEPA  administrator  a scheme  which 
provides  for  the  implementation,  maintenance,  and  enforcement  of  na- 
tional ambient  air  quality  standards  within  each  air  quality  control 
region  that  is  wholly  or  partly  within  that  state.  Each  implementa- 
tion plan  must  include  a system  for  curtailing  pollutant  emissions  on 
an  interim  basis  whenever  such  action  appears  to  be  necessary  for  pre- 
venting short-term  episodes  of  high  pollutant  concentration.^^ 

It  is  Army  policy  to  participate  with  local  authorities  to  the 
fullest  extent  practicable  in  controlling  air  emissions  during  air 
pollution  emergency  episodes.  Paragraph  4-17,  AR  200-1,  requires  in- 
stallations located  in  areas  susceptible  to  air  pollution  episodes  to 
develop  contingency  plans  which,  when  implemented,  will  reduce  emis- 
sions. Such  plans  may  involve  reducing  operation  of  certain  fixed 
facilities  and/or  reduction  in  the  use  of  government  vehicles. Air 
Pollution  Emergency  Episode  Plans  must  be  filed  with  the  appropriate 
state  agency. 

The  Environmental  Office  of  the  Assistant  Chief  of  Engineers 
requests^"  that  the  status  of  the  installation  contingency  plans  be  in- 
cluded in  the  installation's  annual  status  report  on  environmental  pro- 
grams and  activities,  since  no  information  regarding  status  of  com- 
pliance with  this  requirement  is  available  at  headquarters.  It  is  sug- 
gested that,  as  a minimum,  the  information  should  include  the  following 

^^USA  Training  and  Doctrine  Command  Environmental  Proqrcvn  Guidebook 

(TRADOC,  29  March  1977),  p D-4-1. 

^^Guide  for  Air  Pollution  Episode  Avoidance  (USEPA,  June  1971). 
^^DAEN-ZCE  Message,  R0415382,  October  1976,  Subject:  Air  Pollution 
Emergency  Episode  Plans. 

^'‘•DAEN-ZCE  Message  R0415382. 
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1.  Whether  the  installation  is  located  in  an  air  quality  control 
region  that  is  subject  to  air  pollution  episodes  and  that  requires 
preparation  of  a contingency  plan.  If  not,  no  further  information  is 
required. 

2.  The  number  of  times  the  contingency  plan  was  implemented  at 
the  emergency  level  (not  the  alert  or  warning  level)  during  the  year. 

It  is  anticipated  that  APAS  will  provide  these  reporting  require- 
ments. 

Misjellaneous  Reporting  Requirements 

If  periodic  USEPA/state  visits  and  inspections  note  deficiencies 
or  delays  in  complying  with  the  stipulations  outlined  in  the  USEPA 
Compliance  Schedule  Consent  Agreement,  the  plans  must  be  renegotiated 
and  documented. 

Despite  the  above  reporting  requirements  and  a July  1975  deadline, 
as  many  as  30  percent  (as  of  January  1977)  of  the  major  DOD  polluting 
installations  were  still  not  complying  with  the  emission  control  re- 
quirement of  the  Clean  Air  Act.^® 

According  to  the  General  Accounting  Office  (GAO)  report^®  pre- 
pared by  the  Congressional  Investigative  Agency,  some  DOD  installa- 
tions may  not  comply  for  several  more  years. 

The  report  therefore  recommends  that  the  Army: 

1.  Evaluate  current  air  pollution  emission  inventories  to  iso- 
late violations  of  stationary  source  standards 

2.  Develop  the  funding  programs  needed  to  attain  full  compliance 
by  whatever  new  deadline  is  set 

3.  Make  a thorough  investigation,  if  and  when  additional  stan- 
dards are  issued  to  identify  sources  not  in  compliance,  and  take  the 
action  necessary  to  meet  new  standards  in  a timely  manner 

4.  Establish  procedures  to  isolate  "controllable"*  causes  which 
delay  projects 

5.  Adopt  a system  of  scheduled  surveys  and  establish  procedures 
for  monitoring  installations'  actions  on  survey  team  recommendations. 

Department  of  Defense  Air  Pollution  Control:  Progress  and  Delays, 

General  Accounting  Office  report  LCD-77-305  (GAO,  July  1975). 

^®GA0  Report  LCD-77-305. 

♦The  report  categorizes  the  "controllable"  causes  as:  (1)  lengthy 
decision-making  processes  on  controlling  emissions,  and  (2)  prolonged 
project  design  phases. 
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The  report  emphasizes  the  fact  that  the  Navy  makes  regular  techni- 
cal environmental  surveys  of  its  installations  and  requires  feedback  on 
recommended  actions,  but  the  Army  surveys  installation  problems  only  on 
request  and  does  not  have  a procedure  to  guarantee  that  recommendations 
are  carried  out. 


A-  Pi^oposed  System  to  Meet  Air 
Pollution  Requirements 

To  aid  the  Army  with  the  above  recommendation  in  the  air  pollution 
area,  the  following  major  tasks  must  be  accomplished: 

1.  A data  base  must  be  developed  which  can  define  air  pollution 
problems  stemming  from  the  operations  of  Army  facilities.  This  in- 
volves entering  data  from  present  DA  reporting  media  into  a workable 
retrieval  system.  Currently,  collecting  data  regarding  reporting  re- 
quirements of  compliance  schedules  and  monitoring  of  scheduled  success 
requires  laborious  handwork.  This  is  primarily  because  data  from  over- 
lapping reporting  requirements  and  a myriad  of  different  sources  makes 
it  difficult  for  one  command  to  efficiently  maintain  the  status  of  all 
pollution  sources.  Thus,  the  aforementioned  reporting  requirements 
will  constitute  the  basic  documents  for  monitoring  DA  air  pollution 
control  efforts. 

2.  A data  base  must  be  developed  which  is  capable  of  identifying 
alternative  mitigation  techniques  for  air  pollution  abatement  strate- 
gies for  the  DA  planner.  A format  similar  to  that  of  the  PMTS  system 
(Chapter  3)  will  be  adopted. 

Figure  4 outlines  the  general  flow  of  APAS. 


5 THE  SOLID  WASTE  POLLUTION 
ABATEMENT  SYSTEM  (SWPAS) 


According  to  a report  issued  2 June  1977  by  the  General  Account- 
ing Office,  DOD  "can  save  money  and  better  protect  the  environment  by 
improving  its  solid  waste  management . However,  many  legal  constraints 
affect  the  implementation  of  DOD  solid  waste  management.  These  legal 
constraints  are  manifested  in  the  form  of  various  solid  waste  regula- 
tory agencies  and  regulations  as  discussed  below. 


Regulatory  Agencies 

Fi^IemL 

The  major  sources  of  legal  constraints  on  the  national  level  in- 
clude (1)  Federal  laws,  regulations,  and  guidelines,  and  (2)  DOD 
directives.  These  constraints  basically  cover  solid  waste  disposal, 
research  and  development  programs,  conservation  of  natural  resources, 
protection  and  enhancement  of  the  environment,  recovery  of  energy  and 
materials,  and  construction  of  solid  waste  facilities. 

S ta  tP 

State  governments  primarily  develop  minimum  compliance  standards 
and  comprehensive  disposal  plans.  Typical  regulatory  responsibilities 
of  state  solid  waste  agencies  include  administering  the  state  solid 
waste  management  program,  providing  technical  and  financial  assistance 
for  various  regulating  agencies,  reviewing  local  solid  waste  manage- 
ment practices  and  plans,  and  acting  as  the  official  governing  body 
for  all  aspects  of  solid  waste  disposition. 

Loaal 

Local  regulatory  agencies  are  concerned  with  enforcing  legisla- 
tion and  protecting  community  health  and  well-being.  Local  agencies 
are  not  necessarily  separate  offices.  Often,  public  health,  air  pol- 
lution control,  water  pollution  control,  and  solid  waste  offices  are 
combined  under  a Department  of  Health  or  Department  of  Environmental 
Quality.  Water  Pollution  control  and  solid  waste  authorities  are  some- 
times under  the  jurisdiction  of  the  Department  of  Sanitation  or  De- 
partment of  Public  Works.  Land  Use  Planning  Authorities  may  be  found 
under  the  Department  of  City  Planning  or  the  Zoning  Board. 

'^Improving  Military  Solid  Haste  Management,  Economic  and  Envivormental 
Benefits,  GAO  report  LCD-76- 345  (GAO,  1977). 

^®G.  W.  Schanche,  L.  A.  Greep,  and  B.  A.  Donahue,  installation  Solid 
Waste  Survey  Guidelines,  Technical  Report  E-75MDA018879  (CERL, 
October  1975). 

34 


\ 


I 


t 


Federal  Laws  and  Regulations 

L<xue 

1.  The  Solid  Waste  Disposal  Act  of  1965^’  promotes  material 
research  and  development  programs  for  solid  waste  disposal  and  con- 
servation of  natural  resources.  In  addition,  it  provides  technical 
and  financial  assistance  to  state  and  local  governments  and  interstate 
agencies.  The  USEPA  administrator  who  enforces  this  act  must  promote 
coordination  of  research  and  development,  and  must  encourage, 
cooperate  with,  and  render  financial  and  other  assistance  to  appropriate 
public  authorities,  agencies,  institutions,  and  individuals. 

2.  The  National  Environmental  Policy  Act  (NEPA)^“  establishes  a 
national  policy  regarding  the  restoration,  protection,  and  maintenance 
of  all  aspects  of  environmental  quality. 

3.  The  Resource  Recovery  Act  of  1965,^^  amends  the  Solid  Waste 
Disposal  Act  to  provide  money  for  building  solid  waste  disposal  facili- 
ties and  for  improving  training  and  research  programs.  This  Act  in- 
cludes Title  I,  "Resource  Recovery,"  which  is  charged  in  part  with; 

i a.  Promoting  the  demonstration,  construction,  and  application  of 

1 solid  waste  management  and  resource  recovery  systems  that  preserve  and 

I enhance  the  quality  of  air,  water,  and  land  resources 

I b.  Promoting  research  and  development  for  improved  management 

techniques,  more  effective  organizational  arrangements,  and  new  and 
i improved  methods  of  collection,  separation,  recovery,  recycling,  and 

i disposal  of  nonrecoverable  residues. 

Executive  Orders 

1.  Executive  Order  11514,  Protection  and  Enhancement  of  Environ- 
mental Quality  (5  March  1970),  states,  in  part,  that  the  heads  of 
Federal  agencies  will: 

a.  Monitor,  evaluate,  and  control  their  agencies'  activities 
for  protection  and  enhancement  of  environmental  quality 

b.  Disseminate  information  for  public  review  and  exchange  views 
with  interested  parties  through  public  hearings 

c.  Review  statutory  authority,  administration  regulations, 
policies,  and  procedures  in  order  to  identify  deficiencies  or 

^’’Public  Law  89-272,  The  Solid  Waste  Disposal  Act  (20  October  1965). 
’“Public  Law  91-190,  The  National  Environmental  Policy  Act  (NEPA) 

(1  January  1969). 

’’Public  Law  512,  The  Resource  Recovery  Act  (26  October  1970). 
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inconsistencies  which  prohibit  or  limit  full  compliance  with  the  purposes 
and  provisions  of  NEPA 

d.  Exchange  environmental  data  with  other  governmental  agencies. 

This  order  establishes  the  responsibilities  of  the  Council  on  En- 
vironmental Quality. 

2.  Executive  Order  11574  (23  December  1970),  provides  for  the 
administration  of  the  Refuse  Act  Permit  Program  and  extends  the  purposes 
and  policies  of  Section  13  of  the  River  and  Harbors  Act  of  3 March  1899;^^ 
the  Federal  Water  Pollution  Control  Act,  as  amended;  the  Fish  and  Wild- 
life Coordination  Act,  as  amended;”  and  NEPA. 

The  Executive  Branch  uses  the  permit  program  to  regulate  discharge 
of  pollutants  and  other  refuse  into  navigable  waters  of  the  United 
States  and  their  tributaries,  and  to  regulate  placement  of  the  refuse  on 
their  banks.  The  Secretary  of  the  Army  administers  this  order,  and  the 
Attorney  General  is  present  at  legal  proceedings. 

Guidelines 

The  USEPA's  Title  40,  Proteation  of  the  Environment,  Part  240-- 
"Guidelines  for  the  Thermal  Processing  of  Solid  Wastes,"  and  Part  241-- 
"Guidelines  for  the  Land  Disposal  of  Solid  Wastes,"  present  guidelines 
for  designing  and  operating  landfills  and  incinerators.  This  authority 
stems  from  the  Solid  Waste  Disposal  Act  of  1965,  and  the  Resource  Recovery 
Act  of  1970. 

Part  240  presents  guidelines  for  designing  and  operating  inciner- 
ators which  process  at  least  2.08  tons/hour  (TPH)  (1.87  t)  or  50  tons/ 
day  (TPD)  (4.5  t).  It  provides  guidelines  for  accepting  and  rejecting 
solid  wastes,  selecting  incinerator  sites,  designing  incinerators, 
maintaining  air  and  water  quality,  controlling  vector  populations, 
maintaining  the  aesthetics  of  the  surrounding  area,  disposing  of  in- 
cinerator residues,  operating  the  incinerator,  keeping  records,  and 
maintaining  worker  safety. 

Part  241  covers  landfills  and  includes  guidelines  for  accepting 
or  rejecting  solid  wastes,  selecting  a landfill  site,  designing  a 
landfill,  maintaining  air  and  water  quality,  controlling  gas  production 
and  vector  population,  operating  the  landfill,  maintaining  safety,  and 
keeping  records. 


” River  and  Harbors  Act  of  3 March  1899,  c.  425,  30  Stat.  1152  (3?  U.S.C. 
407). 

”Fish  and  Wildlife  Coordination  Act,  as  amended  (16  U.S.C.  661-666c). 
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Other  guidelines  include: 

1.  Guidelines  for  Beverage  Containers  (F.J.'v;/  21  Septem- 

ber 1976,  Vol  41,  No.  184). 

2.  Guidelines  for  Resource  Recovery  on  Facilities  {['txit’rai 
24  September  1976,  Vol  41,  No.  184). 

3.  Solid  Waste  Management  Guidelines  for  Source  Separation 

(F.vi.-r.:/  23  April  1976,  Vol  41,  No.  80). 

4.  Guidelines  for  Storage  and  Collection  of  Residential,  ConiDer- 

cial,  and  Institutional  Solid  Waste  13  February  1976, 

Vol  41,  No.  31). 
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DOD  Directive  6050.1  , F'v.'iro'ru'yita!  ik  PO!'  Act 

establishes  the  Department’s  policy,  assigns  responsibilities,  and 
guides  the  implementation  of  Section  102(2)  of  NEPA,  the  Armed  Forces 
Appropriation  of  1970  ,’'*  sections  of  the  Clean  Air  net,  as  amended,  and 
various  executive  orders  dealing  with  environmental  quality.  This  dir- 
ective, which  applies  to  the  whole  Department,  dictates  the  policy  to 
which  DOD  agencies  must  adhere  and  assigns  responsibilities  to  the 
officers  of  those  agencies. 


Pc.' 


1 . AR  420-47.  nV 
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:vi>a.',  prescribes  sound  sanitary  engineering  procedures  for  efficiently 
and  economically  collecting  and  disposing  of  refuse.  It  applies  to 
all  installations  and  activities  within  the  purview  of  AR  420-10.’® 


2.  AR  200-1  . F''::':  royr'it'nt.i!  Fvotth'ticn  arui 

r (7  December  1 973),  supersedes  paragraphs  1-1  through  1-6 
AR  11-21,  ..Ir-r.  Fiwjtwuy:  F^' ! ur  .•t'vj  (3  November 

1967).  implements  DOD  Directive  5100-50,  and  provides  general  Department 
of  the  Army  policy  on  environmental  protection.  The  regulation  applies 
to  all  DA  agencies  except  the  civil  works  functions  of  the  Corps  of 
Engineers . 


Paragraph  1-8  requires  that  annual  status  reports  on  environmen- 
tal programs,  accomplishments,  and  problem  areas  be  filed.  For  solid 
we'ste  management,  the  report  must  include  a summary  of  waste  disposal 
operations  and  waste  recovery  (property  disposal  activities  and  re- 
cycl ing  operations) . 


’^PublTc  Law  91-121,  Armed  Forces  Appropriation  of  1970. 

‘‘a.* n.; — ut-ru  ra.’  Ft\';’!  c fi'ne , AR  240-10  (DA,  October 
1973). 


i 

I 


37 


N 


^ ' -■  "jjri  r 


I 

i 


j 

I 

I 

J 

j 

i 

\ 


1 

! 


» 


State  Solid  .WaA'^.®  Regulating 
Agencies 


The  regulatory  responsibilities  of  most  state  solid  waste  agen- 
cies are  very  similar  and  generally  include  power  to: 

1.  Administer  the  state  solid  waste  management  program  pursuant 
to  the  laws  of  the  state. 

2.  Provide  technical  assistance  to  r.unicipal ities , agencies,  and 
individuals,  and  cooperate  with  appropriate  Federal  agencies  and  pri- 
vate organizations  in  controlling  solid  wa<;tes. 

3.  Promote  the  planning  and  application  of  resource  recovery  sys- 
tems that  preserve  and  enhance  the  quality  of  air,  water,  and  land 
resources. 

4.  Serve  as  the  official  state  representative  for  all  purposes 
of  the  Federal  Solid  Waste  Disposal  Act,  as  subsequently  amended,  and 
for  all  other  state  or  Federal  legislation  regarding  the  management  of 
solid  waste. 

5.  Review  solid  waste  management  plans  for  each  municipality  or 
region. 

6.  Develop,  in  cooperation  with  appropriate  state  agencies  and 
other  interested  parties,  a program  for  the  collection,  storage,  and 
disposal  of  abandoned  vehicles. 

7.  Prepare  and  enforce  regulations  governing  solid  waste  storage, 
collection,  transport,  separation,  processing,  and  disposal  in  order 

to  conserve  the  air,  water,  and  land  resources  of  the  state;  protect 
the  public  health;  prevent  environmental  pollution  and  public  nuisances; 
and  enable  implementation  of  the  purposes  and  provisions  adopted  in  the 
state  solid  waste  management  plan. 

8.  Establish  procedures  for  applying  for,  reviewing,  and  issuing 
permits  that  govern  the  design  and  operation  of  solid  waste  management 
facilities  and  systems. 

9.  Enforce  orders,  after  investigation  or  hearing,  on  all  viola- 
tions of  state  regulations. 

10.  Cooperate  with  appropriate  Federal  authorities  to  secure  com- 
pliance with  applicable  Federal  statutes,  orders,  and  guidelines  for 
solid  waste  management  activities  conducted  by  Federal  agencies  within 
the  state. 
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Army  Responsi bi 1 i ty--The  Resource  Con- 
servation and  Recovery 

The  new  Federal  solid  waste  management  legislation,  the  Resource 
Conservation  and  Recovery  Act  of  1976,  was  passed  by  the  94th  Congress 
and  signed  into  law  by  the  President  on  21  October  1976.  It  amends 
and  expands  provisions  of  the  Solid  Waste  Disposal  Act  of  1965,  which 
was  amended  by  the  Resource  Recovery  Act  of  1970.  According  to 
Section  6001,  the  provisions  of  the  Resource  Conservation  and  Recovery 
Act  of  1976  apply  to  each  Federal  agency. 

With  regard  to  the  Army,  the  most  significant  aspect  of  the  new 
Act  is  that  Federal,  state,  interstate,  and  local  substantive  and 
procedural  (administrative)  requirements  for  controlling  and  abating 
solid  waste  or  hazardous  waste  disposal  are  fully  applicable.  Appli- 
cable requirements  include  any  stipulations  for  permits  or  reporting 
or  any  provisions  for  injunctive  relief  and  associated  sanctions. 


Implementation 

The  USEPA  will  administer  the  Solid  Waste  Disposal  Act  through  its 
Office  of  Solid  Waste.  Regulations  for  management  of  hazardous  waste 
and  guidelines  for  state  and  regional  solid  waste  schemes  must  be  pro- 
mulgated no  later  than  21  March  1978;  however,  enforcement  is  not  likely 
until  some  time  in  1979.^® 


Definitions 

According  to  the  Navy  Environmental  Support  Office,  it  is  ap- 
parent "that  the  common  meanings  of  such  terms  as  disposal,  sanitary 
landfill,  open  dump,  solid  waste,  and  sludge  have  now  been  expanded  by 
legal  definition.  As  an  example,  sludge  now  includes  waste  from  an 
air  pollution  control  facility.  Hazardous  waste  and  other  terms  re- 
lated to  hazardous  waste  management  are  newly  defined.  Hazardous  waste 
is  considered  to  be  that  solid  uastr  which  has  specific  hazardous  at- 
tributes. On  the  other  hand,  the  definition  of  solid  waste  neither 
specifically  includes  nor  excludes  hazardous  waste.  It  would  appear 
that  the  term  solid  waste  is  intended  to  include  hazardous  waste  un- 
less the  context  in  which  the  term  is  used  implies  otherwise."^’ 


^^Infoi'nation  Bulletin,  llND-CBC-5215/4  (Naval  Construction  Battalion 
Center,  July  1975) . 

Envivonmental  Support  Office  Infoi'mation  Bulletin  (Department 
of  the  Navy,  28  March  1977). 
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MonUorln^  and  Records 
M<nii  toi'tn.j 

Under  the  provisions  of  paragraphs  1 to  R,  AR20n-l,  all  Army  in- 
stallations must  monitor  their  operations  to  the  extent  necessary  to 
insure  that  no  solid  waste  activity  is  a source  of  environmental  de- 
gradation. 

DOD  will  also  monitor  all  solid  waste  activities  with  sufficient 
frequency  to  insure  continued  compliance  with  the  provisions  of 
AR  420-47. 

AR  420-47  requires  that  DA  Form  3916  (Daily  Log  of  Truck  Trips  of 
Solid  Waste  and  Salvage  Collection)  and  DA  Form  3917  (Solid  Waste  and 
Salvage  Collection)  be  used  to  record  data  on  solid  waste  collection, 
disposal,  source  separation,  and  resource  recovery  at  installations  and 
activities.  Entries  on  DA  Form  3916  will  be  made  daily  by  solid  waste 
collection  truck  drivers.  These  data  will  be  consolidated  monthly  on 
DA  Form  3917  by  solid  waste  collection  supervisors.  Quantities  reported 
on  DA  Form  3917  should  be  recorded  in  units  of  uncompacted  cubic  yards 
as  outlined  in  the  DA  technical  manual  (TM)  5-634  HcJ'urte  Collcc'.iion  <.md 
and  Util iticn  (2  July  1958).  Data  from  this  form 
will  be  used  to  prepare  the  applicable  portions  of  the  DA  Form  2788 
series  (Technical  Data  Report). 

Ri'pi'rtf. 

AR  420-47  requires  the  Managing  Activity  to  complete  an  Annual 
Report  of  Solid  Waste  Source  Separation  and  Resource  Recovery/ Recyc 1 ing 
Operations  (RCS-DD  lALl A 1-1436) . The  report  will  be  forwarded  to  the 
MACOMs  for  consolidation  prior  to  submission  to  HQDA  (DAEN-FEU)  WASH 
DC  20314.  MACOM  reports  will  be  forwarded  to  reach  DAEN-FEU  no  later 
than  15  November  of  the  following  fiscal  year.  Replacement  equipment 
acquisition  financed  by  net  proceeds  of  sales  (from  AMS  Code  728012.27000) 
will  describe  each  item  of  equipment,  the  number  of  units  procured,  and 
the  total  cost  of  procurement. 

Reports  of  compliance/noncompliance  with  the  USEPA  guidelines  on 
solid  waste  management  will  bo  consolidated  by  DAEN-FEU.  Feeder  reports 
from  all  Army  installations  will  be  reported  annually.  Specific  gui- 
dance will  be  provided  by  DAEN-FEU  when  USEPA' s reporting  form  and  in- 
structions are  published. 
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Function  of  the  Solid  Waste 

System 

SWPAS  is  charged  with  a multifaceted  software  task: 

1.  Assisting  each  facility  and  command  with  the  solid  waste 
related  reporting  requiranents  described  above. 

2.  Developing  a solid  waste  information  service  for  the  DA  which 
provides  an  inventory  of  all  disposal  sites,  including  the  location, 
capacity,  remaining  volume,  types  and  quantities  of  waste  materials, 
and  cost  of  operation. 


3. 

service  ( 
handling, 


Developing  a responsive  technology  and  information  transfer 
similar  to  the  Navy  system’*)  pertaining  to  the  collection, 
reuse,  and  disposal  of  solid  and  hazardous  wastes. 


TT, 


Support  Offioe  Pultotin  (Department  of  the  Navy, 

28  March  1977). 
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6 CONCLUSIONS 


This  report  has  provided  an  overall  concept  definition  for  the 
Pollution  Abatement  Management  System  which  will  be  developed  for  use 
by  DA  planners  (planners  and  decision  makers  at  different  levels)  and 
facility  engineers  to  assist  Army  instillations  in  constraining  the 
effluents  of  their  operations  within  prescribed  limits  of  quality. 

The  needs  of  the  user  and  the  availability  of  different  data  were 
identified  by  working  with  the  MACOMs  and  the  facility  engineers. 

The  concept  definition  has  taken  into  account  the  regulatory  require- 
ments in  areas  of  water,  air,  and  solid  waste  management. 

PAMS  will  be  divided  into  three  subsystems:  water,  air,  and 
solid  waste.  The  water-related  subsystem  will  be  developed  first 
using  existing  Army-specific  pollutant  data  and  establishing  the 
necessary  mitigation  and  abatement  data  base  system  for  the  identifi- 
cation of  solutions.  The  air  and  solid  waste  subsystems  will  follow. 
Subsequent  aggregation  of  these  subsystems  will  result  in  an  overall 
system  which  will  (1)  determine  the  most  cost-effective,  site  appli- 
cable, energy-conservative  solutions  for  bringing  air,  water,  and  solid 
waste  emissions  from  Ariny  operations  into  compliance  with  Federal,  state, 
and  Arn\y  standards  using  existing  technology  and  commercial  developments 
wherever  possible;  (2)  monitor  the  scheduled  progress  in  meeting  those 
prescribed  Federal,  state,  and  Arrny  standards;  and  (3)  identify  prior- 
ity ranking  of  environmental  pollution  problems  within  DA. 


APPENDIX: 


A PRELIMINARY  EXAMPLE  OF  POLLUTION 
MITIGATION  TECHNIQUE  SUBSYSTEM 
(PMTS)  DATA 


Assume  that  a particular  DA  wastewater  treatment  facility  exper- 
iences repeated  violations  of  the  nitrate  provisions  stipulated  in  the 
NPDES  permits.  Once  the  facility  decision  maker  concludes  that  a re- 
trofit process  should  be  added  to  existing  facilities,  he/she  enters 

PMTS  via  an  interactive,  in-house  terminal.  Using  the  keyword  "ni- 
trate," he/she  types  a request  to  the  computer  for  the  desired  infor- 

mation. The  computer  then  provides  a printout  with  a complete  descrip- 
tive discussion  of  each  of  the  following  mitigation  techniques. 

1.  Biological  denitrification 

2.  Ion  exchange 

3.  Bacterial  and  algal  assimilation 

4.  Distillation 

5.  Land  application 

6.  Freezing 

7.  Electrodialysis 

8.  Reverse  osmosis 

9.  Ultrafiltration 

10.  Chemical  denitrification 

This  appendix  presents  a typical  narrative  description  of  the 
biological  denitrification  mitigation  technique.  When  the  system  is 
fully  operational,  the  decision  maker  will  be  able  to  obtain  pertinent 
information  concerning  each  mitigation  technique. 


Biological  Denitrification:  Definition 

Biological  denitrification  is  an  anaerobic  process  in  which  nitro- 
gen gas  is  produced  from  nitrite  and/or  nitrate.  The  heterotrophic 
bacteria  which  participate  in  this  process  include  pseudomonades, 
achromobacters , and  bacilli.  Denitrification  is  generally  considered 
to  be  a tertiary  or  advanced  retrofit-type  wastewater  treatment  process 


which  follows  secondary  and  nitrification  facility  treatments.  Deni- 
trification has  been  tested  and  operated  under  a variety  of  conditions 
and  has  consistently  and  reliably  achieved  a high  removal  of  nitrogen 
at  an  acceptable  cost. 


Characteristics  of  Denitrified  Water^^ 

Denitrified  water  is  not  dark  and  odorous  as  are  some  anaerobic 
waters  because  denitrification  is  not  a typical  anaerobic  reaction. 
Instead,  it  is  similar  to  aerobic  oxidations,  with  nitrates  as  the 
final  electron  acceptor.  Unless  excessive  organic  carbon  is  present, 
odiferous  products  such  as  idol,  skatol,  and  hydrogen  sulfide  are  not 
produced.  Thus,  the  organic  dosage  must  be  controlled  carefully. 

If  methanol  is  used  as  the  electron  donor,  the  residual  methanol 
concentration  will  probably  be  too  low  to  be  of  public  health  signif- 
icance. Perhaps  the  most  detrimental  effect  of  the  residual  methanol 
is  its  oxygen-consuming  potential. 

Other  constituents  in  denitrified  water  must  also  be  considered. 
The  treated  water  may  contain  some  nitrate,  nitrite,  and  ammonia 
nitrogen,  as  well  as  some  turbidity  resulting  from  biological  solids  in 
the  effluent  of  the  final  clarifier.  In  addition,  the  water  will  be 
devoid  of  oxygen.  Table  A1  shows  the  typical  expected  effluent 
quality  from  denitrification  facilities.^® 

In  the  United  States,  where  nitrogen  removal  criteria  have  been 
adopted  by  many  states,  the  most  popular  and  common  nitrogen  removal 
scheme,  according  to  the  USEPA,  is  biological  denitrification  preceded 
by  nitrification.**' 


Theory 

The  nitrogen  in  raw  municipal  wastewater  is  primarily  present  in 
the  ammonia-ammonium  and  inorganic  forms. 

In  the  United  States  and  Canada,  most  domestic  sewage  treatment 
plants  use  biological  treatment  as  part  of  the  organic  removal  pro- 
cess. This  biological  treatment  for  organic  removal  causes  organic 
nitrogen  to  be  converted  to  ammonia.  However,  if  denitrification  is 
to  provide  a significant  nitrogen  reduction,  then  essentially  all  of 

^’P.  P.  St.  Amant  and  P.  L.  McCarty,  "Treatment  of  High  Nitrate  Waters," 

Journal  of  American  Water  Works  Association  (December  1969),  pp  659- 
662. 

Nitrification  and  Denitrification  Facilities — Wastewater  Treatment 

(USEPA,  August  1973). 

''^Process  Design  Manual  for  Nitrogen  Control  (USEPA,  October  1975). 
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Expected  Typical  Effluent  Quality  From 
Denitrification  Facilities 


Component 
Suspended  solids 

BOD 

Organic-N 

NH4-N 

NO^-N 

Total-N. . 


Milligrams  per  Liter 
10 
5 

1.0 

.5 

^ 

2.0 


this  ammonia  nitrogen  in  the  raw  wastewater  must  be  converted  to  nitrate 
and/or  nitrite  prior  to  the  denitrification  step.  The  biological  oxida- 
tion process  used  for  this  conversion  is  called  nitrification.  Thus, 
denitrification  facilities  usually  are  preceded  by  secondary  sewage 
treatment  plants  and  nitrification  facilities. 

The  biological  process  of  denitrification  applies  to  the  removal 
of  nitrogen  from  wastewater  when  the  nitrogen  is  predominantly  in  the 
nitrite  and/or  nitrate  forms.  This  nitrate  and/or  nitrite  is  converted 
to  gaseous  end  products  during  denitrification,  which  reduces  the 
nitrogen  content  of  the  wastewater  as  it  escapes  from  solution  and  is 
released  to  the  atmosphere.  The  gaseous  product  is  primarily  nitrogen 
gas.  Since  approximately  80  percent  by  volume  of  the  earth's  atmosphere 
consists  of  nitrogen  gas,  the  small  amount  added  to  the  atmosphere  by 
denitrification  facilities  may  be  considered  negligible.  Since  this 
process  places  the  nitrogen  removed  from  wastewater  back  into  the  eco- 
system as  elemental  nitrogen  (the  most  stable  and  natural  state)  it  is 
truly  a pollution  control  process  and  not  a separation  process  that 
transfers  the  problem  to  another  geophysical  location."* 

The  microbiology  and  biochemistry  of  denitrification  is  generally 
well  known.  A relatively  broad  range  of  bacteria  can  accomplish 


"^M.  Sittig,  Pollutant  Removal  Handbook  (Noyes  Data  Corp.  , 1973)  p 321. 


denitrification,  including  Pseudomonas,  Aoht'omohaoter,  Baaillus,  and 
Miavooaocaus.'*^  These  groups  accomplish  denitrification  by  nitrate 
dissimilation,  whereby  nitrate  or  nitrite  replaces  oxygen  in  the  res- 
piratory processes  of  the  organism  under  anaerobic  conditions.  During 
denitrification  or  nitrate  reduction,  these  organisms  also  require  an 
organic  source  of  carbon  for  energy  and  growth.  Since  most  of  the 
available  organic  carbon  has  already  been  oxidized  in  a typical  nitri- 
fication plant  effluent,  an  external  source  of  organic  carbon  such  as 
methanol  must  be  added  to  the  reactor  basin  to  insure  successful  deni- 
trification. 

A flash  aeration  chamber  located  between  the  anaerobic  denitrifi- 
cation reactor  and  the  final  settling  tank  occludes  the  nitrogen  gas 
from  the  treated  wastewater,  enhances  settleabil ity , reaerates  the 
water,  and  volatilizes  most  of  the  residual  ammonia. 


Process  Description  and  Characteristics 

Denitrification  facilities  have  been  designed  and  constructed 
using  either  complete-mix  reactors  or  static  media  filters  with  plug- 
flow  regimes.  Although  numerous  variations  and  modifications  of  these 
two  types  of  denitrification  processes  exist,  most  facilities  use 
either  of  these  two  general  methods.  Both  methods  require  an  anaerobic 
environment  in  the  denitrification  reactor. 

The  following  paragraphs  describe  the  characteristics  of  complete 
mix  and  static-media  denitrification. 

Complete-Mix  Denitrification 

This  denitrification  system,  the  one  used  most  extensively,  con- 
sists of  a complete-mix  denitrification  tank  followed  by  a clarifier 
for  sludge  removal.  This  system  is  also  called  suspended  growth  deni- 
trification. The  system  consists  of  a basin  with  underwater  mixers 
comparable  to  those  used  in  water-works  flocculation  tanks.  The  energy 
gradient  must  be  sufficient  to  keep  the  microbial  flow  in  suspension 
but  controlled  enough  to  prevent  aeration,  unless  the  reactor  is 
covered  to  reduce  contact  with  air.‘“* 

Suspended  growth  reactors  typically  have  the  problem  of  main- 
taining a large,  viable  suspended  culture  in  the  biological  system. 

^Pollutant  Removal  Handbook. 

Proceedings  of  Professional  Conference  on  Nitrogen  in  the  Environment 

compiled  by  R.  A.  Wiese  and  P.  D.  Axthelm  (18-19  April  1973). 


This  involves  problems  of  liquid  solids  separation,  recycle,  and  ! 

"wasting  of  cells.'"*®  To  assist  in  mitigating  these  problems,  a capa-  | 

bility  of  returning  sludge  to  the  denitrification  tank  of  up  to  at 
least  50  percent  and  preferably  of  up  to  100  percent  of  average  flow 
is  recommended,'*® 

Provisions  similar  to  those  employed  for  carbonaceous  systems 
should  also  be  made  for  periodic  wasting  of  sludge  from  the  denitrifi- 
cation systems.  Nomwlly,  the  sludge  should  be  wasted  to  mi;(  with 
primary  and/or  waste-activated  sludge  and  be  disposed  of  with  them.**’ 

Static-Media  or  Fixed- Film 
Deni tvi fication 

In  contrast  to  complete-mix  reactors,  attached-biota  or  static- 
media  reactors  hold  the  microbiological  population  of  denitrifying 
bacteria  as  a slime  to  the  media  surface,  thus  eliminating  the  need 
for  solids  wasting  and  recycling.  This  form  of  denitrification  facil- 
ity is  characterized  by  the  influent  passing  through  a column  of  media 
such  as  rock  or  sand.  In  addition  to  these  media,  a variety  of  matrix 
materials  on  which  denitrifying  bacteria  can  proliferate  have  been  in- 
vestigated and  have  proven  successful.**®  The  use  of  small  particles 
such  as  sand  provides  a vast  surface  area  on  which  the  bacteria  may 
grow  and  thereby  remarkably  increases  the  amounts  of  contaminant  that 
can  be  removed  in  a given  volume  of  reactor. ■** 

Fixed-film  denitrification  has  the  added  benefit  of  filtration, 
and  under  normal  circumstances,  will  produce  an  effluent  low  in  sus- 
pended solids  concentration.®®  One  researcher®^  states  that  the  colum- 
nar fixed-film  reactor  appears  more  efficient  than  the  suspended- 
growth  type  reactor  and  holds  promise  for  a wider  application. 


'**0.  S.  Jeris  and  R.  W.  Owens,  "Pilot  Scale  High  Rate  Denitrifica- 
tion," Jouimal  of  Water  Pollution  Control  Federation,  Vol  47,  No.  8 
(August  1975),  pp  2043-2057. 

''^nitrification  and  Denitrification  Facilities— Waatewater  Treatment 
(USEPA,  August  1973). 

''''Nitrification  and  Denitrification  Facilities — WasteijKiter  Treatment, 
‘*®Metcalf  and  Eddy,  Inc.,  Wastewater  Enqineering — Collection,  Treat- 
ment, and  Disposal  (McGraw-Hill,  1972V 
‘*’J.  S.  Jeris  and  R.  W.  Owens. 

^"Nitrogen  Control  (USEPA). 

®'M.  Sittig,  Pollutant  Removal  Handbook  (Noyes  Data  Corp. , 1973), 
p 322. 

1 

I 


I 


I 


I 


Normal  Opera t ing  Ra nje s 

Empirical  analyses  of  the  operational  range  of  denitrification 
facilities  for  the  treatment  of  domestic  wastewater  indicate  that  the 
nitrate  and  nitrite-nitrogen  concentration  of  the  system  influent  is 
usually  between  15  and  40  mg/t. 

Numerous  industrial  wastewaters  characterized  by  much  higher 
nitrate-nitrogen  concentrations  also  use  biological  denitrification 
facilities  for  nitrogen  control. 


Expected  Efficiencies 

An  important  consideration  when  evaluating  any  treatment  system 
is  the  degree  of  nitrogen  removal.  Because  denitrification  technology 
is  relatively  new,  some  design  engineers  are  concerned  that  biological 
nitrification-denitrification  systems  are  unstable  and  produce  highly 
variable  results.  However,  large-scale  tests  of  biological  nitrogen 
removal  via  denitrification  have  demonstrated  that  a consistently  low 
nitrogen  level  can  be  obtained  over  relatively  long  periods  of  time.^^ 

Since  only  oxidized  forms  of  nitrogen  (nitrite  and/or  nitrate) 
are  removed  by  denitrification,  denitrification  facilities  are  gener- 
ally preceded  by  secondary  sewage  treatment  and  nitrification.  Con- 
sequently, the  efficiency  of  most  denitrification  facilities  is 
evaluated  in  conjunction  with  this  pretreatment.  The  efficiency  of 
the  process  is  thus  dependent  on  the  efficiency  of  the  nitrification 
process. 

Based  on  available  data,  the  general  consensus  is  that  denitrifi- 
cation systems  are  capable  of  consistently  high  levels  of  nitrogen  re- 
moval. In  fact,  denitrification  preceded  by  secondary  biological 
treatment  and  nitrification  should  achieve  80  to  95  percent  total  ni- 
trogen removal  at  design  flows. 

Table  A2  compares  the  effect  on  nitrogen  compounds  of  various 
treatment  processes  and  denitrification. 

Table  A3  compares  the  residuals  in  liquid  effluents  from  various 
types  of  100  mgd  treatment  plants. 


Cost  Considerations 


Generally,  denitrification  processes  preceded  by  secondary  treat- 
ment and  nitrification  facilities  have  been  empirically  found  to  be  an 

Fpoc’esd  Pesi^n  Manual  for  iViti'i'acn  Cctitral  (USEPA,  October  1975). 

J.  Hammer,  Water  and  WastciMter  Tcahnoloau  (John  Wiley  and  Sons, 
Inc. , 1975),  p 458. 
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Effect  of  Various  Treatment  Processes  on  Nitrogen  Compounds 
(From  Proaess  Design  Manual  for  Nitrogen  Control  [USEPA, 
October  1975]) 


will  depend  on  the  fraction  of  Influent  nitrogen  for  which  the  process  Is  effective,  which  may  depend  on  other 
processes  In  the  treatment  plant. 

‘soluble  organic  nitrogen.  In  the  form  of  urea  and  amino  acids.  Is  substantially  reduced  by  secondary  treatment. 

'May  be  used  to  remove  particulate  organic  carbon  In  plants  where  ammonia  or  nitrate  are  removed  by  other  processes. 


Table  A3 


Residuals  in  Liquid  Effluent  From  100  mgd*  Treatment  Plants 
(From  R.  M.  Hagen  and  E.  B.  Roberta,  "Energy  Requirements 
for  Wastewater  Treatment- -Part  2,"  h'atei'  and  Sewage  Works, 
Vol  123,  No.  11  [December  1976],  pp  52-57.) 


Residuals 

(Ib/day) 

Activated 

Sludge 

Alum  Treat- 
ment with 
Nitrification/ 
Denitrification 

Coagul ation/ 

Fi 1 tration 
with  Zeolite 
Treatment 

Land 

Treatment 

BOD 

8,000-30,000 

6,700 

840 

170-500 

Suspended 

solids 

8,000-30,000 

5,930 

250 

580-1,670 

P 

8,400 

250 

840 

83 

N 

21 ,000 

1 ,680 

420-840 

3,200 

Heavy  metals 

250-5,000 

2,000-3,000 

negligible 

20-320 

economically  feasible  method  for  removing  nitrogen  from  wastewater  in 
large-scale  water  reclamation  projects. 


Carlson  reports  that  Wuhrmann,  one  of  the  most  active  researchers 
and  writers  on  the  subject  of  microbiological  denitrification,  compared 
various  pollution  control  programs  and  concluded  that  the  least  ex- 
pensive nitrate  control  can  be  obtained  with  microbial  denitrification.®"* 


However,  costs  associated  with  biological  denitrification  systems 
are  specific  to  each  situation  and  time  frame,  and  generalizations  are 
therefore  difficult  to  make.  Long-run  operating  costs  are  of  interest, 
but  the  long-term  prices  of  chemicals  and  energy  are  particularly  dif- 
ficult to  estimate.®®  In  addition,  experience  with  full-scale  denitri- 
fication units  is  relatively  limited.  Consequently,  the  following 
discussion  of  costs  is  indicative  only  of  general  trends  and  must  be 
viewed  with  caution  in  specific  cases. 


* Metric  conversion:  1 gal  = 3.78  Z. 

^"D.  A.  Carlson,  Nitrogen  Removal  and  Identification  for  Water  Quality 
Control  (National  Technical  Information  Service  Pamphlet,  August 

^^Proaess  Design  Manual  for  Nitrogen  Control  (USEPA,  October  1975), 
p 9-4. 
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Cost  ranges  for  biological  denitrification  facilities  (excluding 
pretreatment  and  post  treatment)  are  situation  specific.  Therefore, 
it  is  difficult  to  report  specific  cost  figures  which  apply  to  all  de- 
nitrification regimes.  It  is  especially  difficult  to  accurately  re- 
port dollar  values  for  capital  costs  and  for  operating  and  maintenance 
costs  per  million  gallons  per  day  that  are  applicable  to  all  situa- 
tions . 


Although  detailed  investigations  must  be  performed  to  determine 
the  exact  costs  of  denitrification  facilities.  Figure  A1  compares  the 
costs  of  such  facilities  to  conventional  treatment  alone  and  to  con- 
ventional treatment  coupled  with  nitrification  facilities.  The  figure 
incorporates  the  approximate  national  average  total  costs,  including 
plant  amortization  (25  years  at  6 percent),  operation,  and  maintenance 


(mHlIoo  golloni  ptr  day) 

A.  Convtntionol  trtatmcnt  plu«  nitrificotioii 

plus  dpfiitnticotion 

B.  CoPvtntionol  trtotmtnt  plus  nitrif  icotion 

C.  Convtniipflal  trtatmpM 


Figure  A1 . Cost  considerations. 

(From  Ni  tvoacK  [USEPA]). 


The  major  cost  of  the  denitrification  process  (approximately  50  per- 
cent) is  for  methanol.  Currently,  there  is  disagreement  about  the  future 
costs  of  methanol.  Newer  technology  for  methanol  production  indicates 
that  costs  may  be  reduced;  however,  a major  method  of  methanol  production 
is  based  on  the  use  of  methane  gas,  whose  source  is  natural  gas,  a 
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nonrenewable  resource  which  is  becoming  scarce.  The  cost  of  the  de- 
' nitrification  reactor  and  attendant  equipment  depends  on  the  type  of 

reactor  chosen,  land  value,  and  other  considerations. 

Construction  costs  for  static-medium  denitrification  filters  are 
significantly  less  than  those  for  a suspended-growth  reactor,  since 
the  latter  must  be  followed  by  a clarification  step  and  attendant 
sludge  return  equipment.  Another  advantage  of  using  a static-medium 
denitrification  filter  to  remove  suspended  solids  is  that  it  is  less 
I expensive.  At  low  liquid  temperatures  (<10°C),  biological  nitrification- 

denitrification  becomes  less  cost  effective,  because  tankage  require- 
ments become  very  large.®® 


r 


Equipment  Considerations 

Suspended  Grouth  Reactors 

In  this  method,  nitrified  wastewater  flows  to  a tank  where  metha- 
nol is  added,  so  provisions  for  methanol  addition  are  required. 

The  suspended  growth  denitrification  process  is  an  anaerobic  mod- 
ification of  the  activated  sludge  process.  Like  the  activated  sludge 
process,  the  suspended  growth  method  has  a reactor  which  keeps  the 
biomass  in  suspension  in  the  liquid  by  mixing,  which  is  accomplished 
with  underwater  mixers  comparable  to  those  used  in  flocculation  tanks 
in  water-treatment  plants.  The  energy  provided  must  be  sufficient  to 
keep  the  mixed  liquor  suspended  solids  (MLSS)  in  suspension,  but  must 
be  controlled  enough  to  prevent  entry  of  atmospheric  oxygen  as  much 
as  possible,  unless  the  tanks  are  covered  or  some  other  method  is  used 
to  exclude  contact  with  the  air.®’ 

Whether  covered  tanks  are  required  to  minimize  absorption  of  oxy- 
gen from  the  atmosphere  is  a matter  of  conjecture.  There  is  some  evi- 
dence to  indicate  that  properly  designed  denitrification  units  can  be 
made  to  seal  themselves  by  forming  a floating  scum.  In  any  event,  air- 
tight or  walk-in  covers  should  be  avoided,  because  nitrogen  and  carbon 
dioxide  are  both  released  during  the  denitrification  reaction.®® 

The  denitrification  reaction  produces  carbon  dioxide  and  nitrogen 
gas.  Both  have  limited  solubility  in  water,  especially  the  latter. 
Because  of  the  gentle  mixing  used  in  the  denitrification  tanks,  the 
mixed  liquor  leaving  the  tanks  is  supersaturated  with  nitrogen,  and 

®®Proc’ess  Design  Manual  for  Nitroaen  Control  (USEPA,  October  1975), 
p 9-4. 

^^Nitrification  and  Denitrification  Facilities — WasteiJater  Treatment 

(USEPA,  August  1973),  p.  32. 

^^Nitrification  and  Denitrification  Facilities — Wastewater  Treatment, 

p 27. 
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possibly  carbon  dioxide.  As  a result,  gas  bubbles  tend  to  form,  which 
adhere  to  the  MLSS  and  inhibit  settling  in  the  final  clarifier.  Super- 
saturated conditions  can  be  relieved  by  employing  an  aeration  tank  or 
by  using  aerated  open  tanks  prior  to  the  settling  tank.  It  is  rec- 
omnended  that  5 to  10  minutes  of  detention  be  provided  at  peak  flow. 
This  will  also  enable  the  removal  of  small  amounts  of  excess  methanol. 

A sedimentation  tank  for  separating  the  mixed  liquor  solids  from 
the  effluent  must  be  provided.  This  tank  allows  the  biomass  to  be  re- 
cycled in  the  system  and  allows  the  production  of  a relatively  clear 
effluent  for  discharge  or  subsequent  treatment. 

Limited  experience  indicates  that  the  settling  properties  of  de- 
nitrification sludge,  following  relief  of  supersaturation,  are  very 
similar  to  conventional  activated  sludge.  Tank  depths  of  12  to  15  ft 
(3.6  to  4.5  m)  are  recommended. 

A suction-type  sludge  collector  is  recommended  for  large  circu- 
lar tanks.  Long  rectangular  tanks  should  be  equipped  with  midtank 
sludge-drawoff  systems.  Skimming  facilities  should  be  provided  on 
the  settling  tanks  and  provisions  made  for  returning  the  scum  to  the 
denitrification  tank.^® 

Static-Media  or  Fixed-Film  Reactors 

The  basic  design  of  a fixed-film  reactor  is  a column  filled  with 
filtering  media.  Backwashing  equipment  may  be  necessary.  Generally 
sedimentation  basins  following  the  column  reactor  are  not  needed.  As 
in  suspended  growth  denitrification,  provisions  must  be  made  for  add- 
ing methanol  or  any  other  carbon  source.  The  treated  effluent  should 
be  aerated  before  discharge. 


Advantages  of  the  Denitrification 
Process 


Of  the  biological  treatment  methods  proposed  for  removing  nitro- 
gen, the.  denitrification  process  preceded  by  nitrification  appears  to 
be  the  most  promising.®” 

Generally,  denitrification  is  considered  very  applicable  for  ni- 
trate removal  because  of  its  relatively  excellent  reliability  and 
suitability  to  a variety  of  environmental  conditions,  low  area  require- 
ments, moderate  cost,  easy  process  control,  and  high-potential  nitrogen 
removal  efficiency.  Several  other  advantages  are  listed  below. 

Nitrification  and  Denitrification  Facilities — Wastewater  Treatment, 

EPA  Technology  Transfer  Seminar  Publication  (USEPA,  August  1973),  p 27. 
®”Metcalf  and  Eddy,  Inc.,  Wastewater  Enaineering- -Collection,  Treat- 
ment, and  Disposal  (McGraw-Hill,  1972),  p 662. 
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1.  Denitrification  preceded  by  secondary  biological  treatment 
and  nitrification  facilities  should  achieve  90  percent  inorganic  ni- 
trogen reduction  and  80  to  85  percent  total  nitrogen  removal  at  design 
loadings. ‘ 

2.  The  most  desirable  nitrogen  removal  process  is  one  by  which 
nitrogen  is  transformed  with  no  waste  stream  disposal.  The  reduction 
of  nitrate  and  nitrite-nitrogen  gas  meets  these  requirements.  Thus, 
denitrification  has  the  advantage  of  returning  nitrogen  to  the  atmos- 
phere in  its  natural,  ecologically  harmless  form.*’^ 

3.  Denitrification  preceded  by  ni tri f icat ion  leads  to  a net  re- 
duction in  wastewater  alkalinity  and  no  significant  change  in  the 
water's  total  mineral  content.''^ 

4.  Very  little  liquid  or  solid  waste  by-products  are  created  in 
the  process. ^ ‘ 

5.  Process  structures  and  equipment  are  relatively  simple.®* 

6.  Denitrification  systems  are  adaptable  as  retrofit  additions 
at  existing  nitrification  facilities. 

7.  The  denitrification  system  can  be  built  to  meet  current  and 
anticipated  requirements  for  nitrate  removal. 

8.  Denitrifying  bacteria  are  easily  domesticated. 

9.  Biological  denitrification  is  relatively  independent  of  the 
ambient  temperature  and  can  be  operated  over  a wide  temperature  range. 
Compared  to  other  nitrogen  removal  processes,  biological  denitrifica- 
tion is  better  suited  at  locations  where  cold,  freezing  weather  may 
prevail  for  a long  period  of  time.®® 

10.  The  process  is  compatible  with  phosphorus  removal. 


^ ij/  on  Nitvthjon  in  tho  Hnni t\’n- 

nu-nt,  18-19  April  1973,  Lincoln,  Nebraska,  compiled  by  R.  A.  Wiese 
^and  P.  P.  Axthelm,  p 71 . 

rt‘<nn’(’iiin(ji^  of  !'vof<'iuvion<il  C('nf(’ronoc  on  NitVi'^jon  in  iho  Knvinon- 
nji'nt . 

ih'niini  Monuii?  fo)>  Ni  f.)'0(h'n  rontn^/  (USEPA,  October  1975). 

R.  L.  Culp  and  G.  L.  Culp,  Aihnnot'ii  Wont('uiot('n  Tin'otmont  (Van 
Norstrand  Reinhold  Co.,  1971). 

^ WiU^  t ou\j  t ,'t‘  Ti'Oiitjnont . 

®®M.  Sittig,  Pollutont  Homothjl  Hondbook  (Noyes  Data  Corp.,  1973). 


Disadvantages  of  the 
ben i t r i f i ca tion  broces s 


The  following  are  disadvantages  of  the  denitrification  process: 

1.  Only  oxidized  forms  of  nitrogen  (nitrate  and/or  nitrite)  are 
removed  by  biological  denitrification.  The  efficiency  of  the  process 
is  therefore  dependent  on  the  efficiency  of  the  nitrification  process. 

2.  One  hundred  percent  nitrogen  removal  is  not  possible. 

3.  Toxic  compounds  can  affect  system  stability  adversely. 

4.  Denitrification  systems  are  primarily  for  the  removal  of 
nitrate-nitrogen.  The  relatively  low  concentration  of  nitrite- 
nitrogen  typically  present  in  wastewaters  is  only  removed  incidentally. 
Studies  would  have  to  be  initiated  to  determine  the  feasibility  of 
treating  wastewaters  containing  high  concentrations  of  nitrite. 

5.  Nitrate  nitrogen  which  might  otherwise  be  recovered  for  use 
as  fertilizer  is  lost  to  the  atmosphere  in  the  form  of  gaseous  nitro- 
gen. 

Table  A4  compares  the  advantages  and  disadvantages  of  various  de- 
nitrification systems. 


! Energy  Considerations 

i 

i In  some  areas,  available  nitrogen-deficient  industrial  wastes 

such  as  brewery  waste  might  be  suitable  as  an  external  carbon  source 
for  the  denitrification  process.  These  wastes  should  be  used  when 
' possible  instead  of  methanol,  which  is  produced  from  a limited  resource. 

I I 

A report  reviewing  the  typical  energy  requirements  for  waste-  | 

^ water  treatment  plants  listed  the  following  information:  | 

The  power  requirements  for  nitrification  and  denitrification  in  a | 

100  mgd  (381  i)  treatment  plant  are  approximately  60,000  and  1000  kWh/day, 
respectively.  Production  and  transport  of  the  methanol  used  consumes 
approximately  36,000  kWh/day,  and  construction  of  the  additional  fa-  ‘ 

cilities  averages  approximately  17,500  kWh/day.  Table  A5  summarizes 
these  data. 

Table  A6  compares  the  total  energy  requirement  for  a denitrifi-  i 

cation  system  preceded  by  activated  sludge,  alum  treatment,  and  nitri- 
, fication  facilities  to  two  other  possible  nitrogen  removal  schemes. 
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Table  A4 

Comparison  of  Denitrification  Alternatives 
(From  Process  Design  Manual  for  Nitrogen 
Control  [USEPA,  October  1975]  pp  5-62.) 


kWh/day 

Activated  Sludge. 
Activated  Sludge,  Alum  Treatment, 


Direct  energy  required 

Chemical  supply 

Construction 
of  facilities 


Sludge  Digestion. 
Landfill  Disposal 

61 .462 
12,658 

19,162 


93,282 


kWh/day  Activated  Sludge, 

:t1vated  Sludge,  Coagulatlon/FIltratlon 
Hum  Treatment,  Lime  Recalcinatlon, 

Nitrification/  Activated  Carbon  Absorption, 
)en1tr1f1cat1on  Zeolite  Ion  Exchange 


Denitrification 

137,749 

58,959 

38.684 


235.392 


616,721 

48C.7D2 

39,155 
1 ,136,578 


Table  A5 

Energy  Reouired  for  Nitrification/Denitrification  in  100  mgd* 
Plant  (Following  Activated  Sludge  With  Alum  Treatment) 
(From  R.  M.  Hagen  and  E.  B.  Roberta,  "Energy  Requirements  for 
Wastewater  Treatment--Part  2,"  Water  and  Semge  Works,  Vol 
123,  No.  11  [December  1976],  pp  52-57.) 


Nitrification 

Denitrification 

Production  and  transport  of  methanol 
Construction  of  facilities 


Total 


kWh/day 

60,259 

1,020 

35,826 

17,538 

114,643 


(These  figures  will  be  affected  by  site-  and  application-specific 
considerations. ) 


'1  gal  = 3.78  I 
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Table  A6 


Total  Energy  Required  for  Three  Different  Levels 
of  Wastewater  Treatment  (100  mgd) 

(From  R.  M.  Hagen  and  E,  B.  Roberta,  "Energy  Re- 
quirements for  Wastewater  Treatment--Part  2," 
yatev  and  Sewage  Wovks,  Vol  123,  No.  11  [December 
1976],  pp  52-57.) 


Sy»t«i»  Typt 

Advtntigti 

Suspended  qrowth  utinq 
methanol  fol loMinq  a 
nitrification  stage 

Oenltrlflcatton  rapid,  small  structures  required 
Oomonstrated  stability  of  operation 

Few  limitations  In  treatment  sequence  options 
ixcess  methanol  oxidation  step  can  be  easily 
Incorporated 

Each  process  In  the  system  can  be  separately 
optimized 

High  degree  of  nitrogen  removal  possible 

Methanol  required 

Stability  of  operation  linked 
to  clarifier  for  biomass  return 
Greater  number  of  unit  proLC'^ses 
re'juired  for  nltrlf  It  atlon- 
denitrlf Icatlon  than  in  combined 
systems 

Attached  growth  (column) 
using  methanol  fol- 
lowing a nitrification 
stage 

Denitrification  rapid,  small  structures  required 
Demonstrated  stability  of  operation 

Stability  not  linked  to  clarifier  as  organisms 
on  media 

Few  limitations  In  treatment  sequence  options 

High  degree  of  nitrogen  removal  possible 

Each  process  In  the  system  can  be  separately 
opt imlzed 

Methanol  required 

Excess  methanol  oxidation  process 
not  easily  incorporated 

Greater  number  of  unit  processes 
required  for  nitrification- 
denitrification  then  In  combined 
system 

Power  requirements  (for  the  mixers  in  a suspended-growth  type 
reactions  tank)  of  1/4  to  1/2  hp  per  thousand  cubic  feet  have  been 
found  to  be  adequate.®^  Static-media  reactors,  of  course,  do  not 
have  these  power  requirements. 


Other  Pertinent  Information  Necessary 
for  Process  Evaluation 

Denitrification  depends  on  whether  or  not  treatment  system  condi 
tions  are  favorable  for  the  growth  of  the  denitrifying  microorganism. 
Important  variables  include: 

1.  Sufficient  organic  carbon 

2.  Anaerobiosis 

3.  Absence  of  inhibitors 

Nitrifiaation  and  Denitvifiaation  Facilities — Wastewater'  Tveatment 

(USEPA,  August  1973). 
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4.  Proper  pH 

5.  Sludge  production 

6.  Proper  temperature 

Since  the  design  of  denitrification  facilities  has  been  based  on 
empirical  data  influenced  by  these  six  environmental  factors,  each 
factor  will  be  discussed  as  it  pertains  to  the  operational  performance 
of  denitrification  facilities. 


Organic  Carbon  Source 

In  organic  carbon  removal  applications  (e.g.,  activated  sludge), 
dissolved  oxygen  is  introduced  into  the  reactor  by  aeration  so  that 
biological  oxidation  of  the  organic  matter  can  take  place.  In  this 
process  of  carbon  oxidation,  oxygen  is  consumed,  being  the  electron 
acceptor  in  the  oxidation  process. 

Since  the  bacteria  cultivated  in  the  denitrification  reactor  are 
heterotrophic  organisms,  denitrification  can  be  carried  out  only  if 
the  organisms  are  supplied  with  an  organic  energy  source  termed  the 
electron  donor  (usually  methanol).  Thus,  in  the  process  of  denitrifi- 
cation, the  electron  donor  is  oxidized  under  anaerobic  conditions 
with  nitrate  or  nitrite  (instead  of  oxygen)  serving  as  the  electron 
acceptor. 

Thus,  in  denitrification  (as  opposed  to  organics  removal),  it  is 
the  nitrate  that  is  the  pollutant  which  must  be  removed  and  the  carbon 
source  that  is  added.  In  organics  removal,  it  is  the  carbon  which  is 
the  pollutant  to  be  removed  and  the  oxygen  that  is  added.®® 

Nitrification  removes  the  organic  carbon  (energy  source)  present 
in  raw  domestic  sludge.  Many  industrial  and  agricultural  wastewaters 
do  not  contain  suitable  electron  donors;  one  way  of  overcoming  these 
limitations  is  to  add  organic  material  (to  serve  as  an  electron  donor) 
under  carefully  controlled  conditions. 

The  choice  of  the  carbon  (energy  source)  is  important  both  tech- 
nologically and  economically.  Therefore,  the  followinq  parameters 
should  be  considered  when  choosing  an  electron  donor:®* 


^^Proaess  Design  Manual  for  Nitrogen  Control  (USEPA,  October  1975), 
p 5-1. 

®*M.  H.  Christensen  and  P.  Harremoes,  Biologiaal  Denitrification  in 
Water  Treatment — A Literature  Study,  Report  2-72  (University  of 
Denmark,  1972). 


1.  Cost  of  the  compound 

2.  Donor  availability 


3.  Reaction  of  the  donor  with  nitrates. 


Numerous  reduced  organic  substances  have  been  tested  successfully 
as  a carbon  source,  including  acetic  acid,  acetone,  ethanol,  methanol, 
and  sugar.  Methanol  is  preferable  in  most  applications,  because  it 
exhibits  certain  advantages  over  other  carbon  sources.  First,  it  is 
free  of  contaminants  such  as  nitrogen,  and  therefore  can  be  used  di- 
rectly without  taking  the  special  precautions  necessary  for  using 
certain  other  carbon  sources.  Second,  the  product  is  of  consistent 
quality,  while  other  sources  may  vary  in  strength  and  composition 
either  daily  or  seasonally,  complicating  process  control  and  optimiza- 
tion. Use  of  certain  other  sources  will  require  regular  assaying  of 
the  source  to  check  its  purity,  strength,  and  biological  availability. 
Methanol  also  has  the  advantage  of  being  nationally  distributed,  while 
other  suitable  carbon  sources  may  not  be  geographically  close  to  the 
point  of  use.’®  In  addition,  methanol  is  currently  the  cheapest  com- 
mercial source  of  carbonaceous  matter,  with  glucose  being  the  second 
cheapest  source.  Methanol  is  preferable  because  it  is  more  completely 
oxidized  than  glucose  and  consequently,  produces  less  sludge  for  dis- 
posal . ’ ^ 

Methanol  (CH-^OH)  has  a variety  of  names  (methyl  alcohol,  carbi- 
nol , and  wood  alcohol  and  is  normally  supplied  pure  (99.90  percent). 

It  is  a colorless  liquid,  and  noncorrosive  (except  to  aluminum  and 
lead)  at  normal  atmospheric  temperatures.” 

If  taken  internally,  methanol  is  highly  toxic.  Inhalation  of  its 
vapors  is  harmful,  as  is  prolonged  or  repeated  skin  contact  with  its 
liquid  or  vapors.  Fire  and  explosion  are  the  primary  dangers  of  using 
methanol,  and  personnel  who  handle  it  should  be  aware  of  these  ha- 
zards.’® The  amount  of  methanol  used  must  be  regulated  very  closely 
to  prevent  odors  caused  by  the  conversion  of  sulfates  to  hydrogen 
sulfide.  Excessive  use  of  methanol  is  not  only  a waste  of  chemical, 
but  also  creates  an  undesirable  residual  POD,  which  might  violate  ef- 
fluent requirements.”*  Therefore,  the  amount  used  should  be  limited 

’’^Nitrification  arui  Donitvi  fi  cat  ion — Wast  ouaU'v  Tvcatmcnt  (USEPA, 

August  1973). 

’^Nitrocien  Control  (USEPA). 

’^Nitrification  and  Denitrification — kaeitciAitei’  Dreatrient . 
’^Nitrification  ami  Denitrification — Waetei.kiter  Preatrunit. 

’\V/  trncen  Conty'ol . 


to  what  is  necessary  to  react  with  the  nitrite  and  nitrate  and  the 
dissolved  oxygen  remaining  in  the  wastewater  effluent  added  to  the  de- 
nitrification unit. 

The  methanol  requirement  where  nitrate,  nitrite,  and  dissolved 
oxygen  are  present  can  be  computed  using  the  following  empirically  de- 
rived equation;’^ 


Cm  = 2.47  No  + 1.53  N,  + 0.87  D 

I 0 


[Eq  Al] 


where: 


Cm  = 

No  = 

^1  = 
D.  = 


required  methanol  concentration,  mg/£ 
initial  nitrate  nitrogen  concentration,  mg/d 
initial  nitrite  nitrogen  concentration,  mg/d 
initial  dissolved  oxygen  concentration,  mg/d 


Methanol  demand  for  a typical  domestic  waste  water  is  approxi- 
mately 60  mg/d.’® 


Dissolved  Oxygen 

It  is  generally  agreed  that  complete  anaerobiosis  is  desirable 
for  rapid  denitrification.  Since  most  denitrifying  bacteria  are  facu- 
lative  anaerobes,  denitrification  can  only  occur  when  nitrates  can 
effectively  compete  with  dissolved  oxygen  as  the  final  hydrogen  accep- 
tor in  the  respiration  process.  It  is  therefore  obvious  that  if  ana- 
erobic conditions  are  maintained,  the  greatest  level  of  nitrate 
reduction  will  result. 

Thus,  it  may  be  said  that  the  role  of  oxygen  in  denitrification 
is  generally  to  suppress  denitrification.  In  fact,  Balakrishman” 
found  that  6.0  mg/d  of  dissolved  oxygen  prevents  denitrification. 

It  should  therefore  be  apparent  that  if  water  contains  dissolved 
oxygen,  the  oxygen  must  be  removed  before  denitrification  will  occur. 

’ ®Metc^l f and  Eddy,  Inc.,  Waeteixiter  Enqineeving — Collection,  Treat- 
ment, anii  Disposal  (McGraw-Hill,  1972). 

’®M.  J.  Hammer,  Water  and  Wastewater  Technoloay  (John  Wiley  and  Sons, 
Inc.,  1975). 

”S.  Balakrishman  and  W.  W.  Eckenfelder,  "Nitrogen  Relationships  in 
Biological  Treatment  Processes-I II . Denitrification  in  the  Modified 
Activated  Sludge  Process,"  Water  Research,  Vol  3,  No.  3 (March  1969), 
PP  177-188. 
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This  can  be  accomplished  by  adding  more  methanol.  A commonly  used 
design  rule  of  thumb  indicates  that  0.67  mg/J,  of  methanol  must  be 
added  for  each  mg/i  of  dissolved  oxygen  to  the  removed. 


Inhibition  and  J_o_xj_cj.^ 

Envi ronmental  conditions  that  are  optimum  for  denitrification  are 
difficult  to  describe,  because  all  organisms  capable  of  denitrifica- 
tion do  not  respond  alike.  However,  certain  toxic  and  inhibitory 
substances  may  significantly  affect  denitrification  effectiveness. 

Since  it  is  generally  believed  that  the  biological  cultures  that 
flourish  in  these  systems  are  more  sensitive  to  heavy  metal  and  or-  j 

ganic  toxins  than  to  conventional  activated  sludge,  the  system  should 
be  protected  against  toxicity  by  pretreatment  processes.  Pre- 
treatments, such  as  activated  sludge  and  nitrification,  should  provide 

an  effluent  suitable  for  denitrification.  However,  some  toxic  or  i 

inhibitory  substances,  such  as  nonbiodegradable  solvents,  are  not  j 

completely  removed  by  pretreatmer*’.  The  reliability  of  pretreatment  | 

under  such  circumstances  depends  on  source  control,  such  as  control  J 

of  industrial  wastes  entering  the  sewer.  j 


Alkalinity  and  pH  Relationships 

The  denitrification  reaction  is  characterized  by  alkalinity.  A 
USEPA  report^®  states  that  a value  for  alkalinity  production  suitable 
for  engineering  calculations  is  3.0  mg  alkalinity  as  CaCO^  produced 
per  mi li gram  of  nitrogen  reduced. 

Therefore,  periodic  or  continuous  adjustment  of  the  pH  of  the 
denitrification  reactor's  contents  may  be  required  to  maintain  optimum 
reaction  rate  conditions. 

The  optimum  pH  for  denitrification  varies  with  the  nitrate  or 
nitrite  concentration  and  the  variety  of  organisms  present  in  the  cul- 
ture. Studies  have  indicated  that  the  optimum  pH  for  the  denitrifying 
organism  ranges  from  6.5  to  7.5,  while  the  pH  range  of  5.8  to  9.2  is 
probably  acceptable. 


Sludge  Production 

Denitrification  is  characterized  by  low  solids  production.  How 
ever,  solids  production  is  contingent  upon  the  carbon  source.  If  a 

^’’Prac^ess  Design  Manual  for  Nitrogen  Control  (USEPA,  October  1975). 
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carbon  source  such  as  glucose  were  used,  microorganism  growth  would  be 
greater  because  of  a higher  efficiency  in  energy  capture.  Therefore, 
methanol,  because  of  its  low  solids  yield,  exhibits  obvious  advantages. 

The  biomass  produced  using  methanol  as  a carbon  source  can  be 
calculated  as  follows.^’ 

Cjj  = 0.53  Nq  + 0.32  + 0.19  [Eq  A2] 

where 

Cjj  = biomass  production,  rng/K, 

Nq  = initial  nitrate  nitrogen  concentration,  mg/Ji, 

N-j  = initial  nitrite  nitrogen  concentration,  mg/t 

Dq  = initial  dissolved  oxygen  concentration,  mg/Jl 

To  better  visualize  the  low  waste  solids  production  from  the  de- 
nitrification process,  consider  a raw  water  containg  40  mg/X,  of  nitrate 
nitrogen  and  8 mg/H  of  dissolved  oxygen.  The  microorganism  production 
from  denitrification  would  be  approximately  23  mg/H.  The  effluent 
biological  solids  are  generally  well  flocculated,  so  they  should  need 
no  chemical  coagulation  for  removal.®® 


Temperature 

The  effect  of  temperature  on  the  denitrification  rate  is  probably  I 

similar  to  its  effect  on  the  activity  of  any  mixed  bacterial  population.  i 

Any  application  of  denitrification  in  cold  climates  would  require 
successful  operation  at  temperatures  as  low  as  5°C.  It  is  reasonable  i 

to  assume  that  although  denitrification  probably  slows  appreciably  as  I 

the  temperature  drops,  the  rate  of  denitrification  is  significant  at  5 

5°C.®‘  i 

I 

The  consensus  is  that  the  reaction  rate  for  denitrification  doubles  i 

for  each  5 to  7°C  temperature  increase  in  the  range  of  10  to  20°C,  while  . 

denitrification  is  considered  to  be  optimum  at  25  to  30'’C.  j 

Metcalf  and  Eddy,  Inc.,  Wastewater  Engineering — Collection,  Treatment,  | 

and  Disposal  (McGraw-Hil 1 , 1972).  " j 

®®P.  P.  St.  Amant  and  P.  L.  McCarty,  "Treatment  of  High  Nitrate  Waters,"  ^ 

Journal  of  American  Water  Works  Association  (December,  1969),  pp  659-662.  ; 

®*M.  H.  Christensen  and  P.  Harremofe’s,  Biological  Denitrification  in  ! 

Water  Treatment— A Literature  Study  (University  of  Denmark,  1972). 

i 

< 
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Facility  Locations 

Table  A7  is  a partial  list  of  biological  denitrification  facilities 
under  design  or  construction  in  the  United  States.®^ 

Recent  Related  Army  Studies 

1.  U.  S.  Army  Bio-Engineering  Research  and  Development  Laboratory 
(USAMBRDL) 

2.  Construction  Engineering  Research  Laboratory  (CERL) 

Request  information  concerning  nutrient  removal  studies  at  Fort 
Oetrick,  MD. 

Manufacturers  and  Designers 
Not  applicable. 

References 

Not  applicable. 
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Nitrogen  Control  Tusepa). 
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Table  A7 

Denitrification  Facilities  Currently  Under  Design 
or  Construction  in  the  United  States 
(Metric  Conversion  Factor--!  gal  = 3.78a.) 


Location 

Flow  (Million 
Gal/Day) 

Type  Facility 

Washington,  DC 

300 

Suspended  Growth  System 

Tampa,  FL 

60 

Fixed-Film  Denitrification 

Salt  Creek  (Chicago),  IL 

50 

Fixed-Film  Denitrification 

Central  Contra  Costa,  CA 

1 

Suspended  Growth  System 

El  Largo,  TX 

0.5 

Fixed-Film  Denitrification 

Manassas,  VA 

0.2 

Suspended  Growth  System 

Firebaugh,  CA 

-- 

Fixed-Film  Denitrification 

Midland,  MI 

0.01 

Fixed-Film  Denitrification 
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